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CONTRASTED    WITH  THE  FeMORA    OF    VARIOUS    SAVAGE    AND 

CivnjsKD  Kaces.      By  David  Hepburn,  M.D.,  F.R.S.  Ed., 
Zedurer  on  Regional  Anaiomy^  University  of  Edinburgh, 

Probably  in  recent  times  no  keener  incentive  has  been  given  to 
the  study  of  the  femur  than  by  the  discovery,  at  Trinil,  in  Java, 
of  those  remains  which  Dr  Eugene  Dubois,  of  the  Netherlands 
East  Indian  Army  Service,  has  rendered  famous  by  the  name  of 
Pilhccanihropvs  ercdm.  As  described  by  Dr  Dubois,  these 
remains  consisted  of  a  skull-cap,  two  molar  teeth,  and  a  thigh-bone. 
From  the  various  circumstances  connected  with  their  discovery, 
Dr  Dubois  claimed  that  the  evidence  was  sufficient  to  prove 
that  these  different  objects  were  parts  of  one  animal;  while,  from 
the  intrinsic  features  of  each  specimen,  he  asserted  that  they 
differed  so  markedly  from  the  corresponding  parts  of  man,  on 
the  one  hand,  and  of  the  higher  apes,  on  the  other,  as  to 
necessitate  the  formation  of  a  distinct  genus  for  their  inclusion, 
viz..  Pithecanthropus,  which  approaches  *'  nearest  of  all  to  Man, 
but  cannot  be  included  in  the  genus  Homo." 

It  is  needless  to  say  that  this  theory  has  found  both  adherents 
and  opponents.  Among  the  latter,  some  maintain  that  the 
objects  in  question  are  undoubtedly  human,  others  insist  that 
they  are  as  certainly  the  remains  of  a  large  ape.  Still  another 
group  of  critics  regard  the  skull-cap  as  simian,  and  the  femur  as 
human;  averring  that  the  proofs  of  the  remains  belonging  to  one 
animal  are  insufficient  and  inconclusive. 

For  the  purpose  of  bringing  forward  some  additional  informa- 
tion which  noay  contribute  to  the  solution  of  this  much-debated 
problem,  I  have  lately  devoted  special  attention  to  the  study  of 
the  femom  in  various  modern  races,  botli  savage  and  civilised. 
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The  femur  has  been  selected  for  several  reasons: — ^first, 
because  in  the  Anatomical  Museum  of  the  University  of  Edin- 
burgh there  is  a  varied  and  instructive  collection  of  the  femora 
of  many  savage  races,  and  by  the  kindness  of  Sir  William  Turner 
this  collection  has  been  generously  placed  at  my  disposal  for 
examination;  second,  because  a  large  body  of  skilled  opinion 
has  declared  that  the  TrinU  femur  is  human  in  form;  third, 
because,  although  Dr  Dubois  has  admitted  that  the  femur  ^  is 
human-like  in  all  its  essential  features,"  ^  yet  he  claims  that  it 
presents  several  differentiating  characters  which  he  has  never 
found  associated  in  any  human  femur;  while,  with  regard  to  one 
of  these  characters  which  relates  to  the  shape  of  the  popliteal 
surface,  he  says  he  has  never  found  it "  in  human  femora,  even 
separately." 

According  to  Dr  Dubois,  the  chief  differentiating  features  of 
the  Trinil  femur  are  the  following : — 

(1)  **  the  trochanteric  liae  ia  less  raised," 

(2)  "  the  shaft  is,  on  the  inner  side,  far  more  round," 

(3)  "the  popliteal  space  is  less  developed,  convex  in  its 
middle,  so  that  at  this  height  the  shaft  is  almost  round  instead 
of  flattened." 

It  is  to  this  character  of  the  popliteal  space  which  Dr 
Dubois  could  never  find  in  human  femora  that  I  purpose 
directing  special  attention.  Speaking  of  the  small  development 
of  the  popliteal  space  he  says,*  it  "is  in  a  high  degree  convex, 
because  in  the  midst  of  it,  and  separated  from  the  lips  of  the 
linea  aspera,  extends  a  kind  of  swelling  until  near  the  lower 
extremity,  which  is  the  reason  that  the  lower  part  of  the  shaft 
of  the  femur  has  a  round  section.  Again,  in  human  thigh-bones 
the  most  backward  projecting  part  of  that  space  is  in  the 
neighbourhood  of  the  outer  lip  of  the  li7iea  aspera,  whilst  in  the 
fossil  Java  femur  this  lip  is  situated  much  beneath  (in  a  for- 
ward plane)  from  the  most  prominent  part,  this  being  in  the 
middle." 

Since  Dr  Dubois  contributed  to  the  Eoyal  Dublin  Society 
the  paper  from  which  the  f oregoiug  quotation  is  taken.  Professor 
Manouvrier  of  Paris  has  published  an  exhaustive  criticism  of 

^  Dr  Dubois  :  Trans,  Roy,  Soc,  Dublin,  i.,1896. 
'•*  Loc,  cU, 
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l^thecanthropus,^  and  in  dealing  with  the  femur  he  has  shown 
that  this  feature  of  its  poplitecd  surface  is  not  unique,  but  that 
it  has  been  seen  by  him  in  femora  of  the  Guanche  (Canary 
Islands),  Venezuelan  (pre-ColombiaD),  Neolithic,  and  Ancient 
Peruvian  races.  In  his  elaborate  memoir,  Professor  Manouvrier 
dwells  upon  the  importance  of  having  fixed  points  at  which  the 
transverse  and  antero-posterior  diameters  of  the  popliteal  section 
of  the  femoral  shaft  should  be  measured.  Both  of  these 
diameters  are  taken  at  the  level  of  4  cm.  above  the  highest  point 
of  the  anterior  articular  surface  of  the  external  condyle.  In 
determining  the  antero-posterior  measurement,  the  anterior  end 
of  the  diameter  should  be  taken  from  the  most  projecting  part 
of  the  anterior  surface  of  the  shaft  directly  above  the  external 
condyle,  and  at  the  distance  of  4  cm.  from  its  articular  surface, 
while  the  posterior  end  of  the  diameter  should  rest  at  a  corre- 
sponding level, — first,  upon  the  ridge  which  leads  from  linea 
aspera  to  the  external  condyle;  and  second,  upon  the  middle 
of  the  popliteal  space.  The  former  of  these  antero-posterior 
diameters  is  symbolised  by  Professor  Manouvrier  as  **  mn/'  and 
the  latter  as  **  mp."  In  ascertaining  the  diameter  "  mn,"  it  is 
of  great  importance  to  avoid  any  confusion  between  the  upward 
continuation  of  the  ridge  associated  with  the  attachment  of  the 
outer  head  of  the  Gastrocnemius  and  Plantaris  muscles,  and  the 
downward  continuation  of  the  external  lip  of  the  liitea  aspera  or 
external  pilastric  prolongation.  Further,  Professor  Manouvrier 
has  shown  that,  when  the  diameter  "mp"  is  less  than  the 
diameter  "  mn,"  the  popliteal  surface  is  either  flattened  or  more 
or  less  concave,  but  that  when  "mp**  exceeds  '*  mn"  we  find  a 
popliteal  surface  more  or  less  convex,  and  therefore  one  which 
is  constructed  on  the  same  type  as  the  popliteal  surface  of  the 
Trinil  femur. 

In  the  measurements  which  I  have  conducted,  I  have  adhered 
closely  to  the  data  laid  down  by  Professor  Manouvrier ;  and  in 
calculating  the  popliteal  index,  I  have  invariably  used  the 
antfCro-posterior  median  diameter  "mp."  I  have  also  adhered 
rigidly  to  the  system  of  taking  the  various  popliteal  diameters 
at  the  level  of  4  cm.  above  the  anterior  border  of  the  articular 

^  llanouvrier,  **  Deuxi6me  etude  sur  le  Pithecanthropus  erectus,  etc.  "  BiiM,  de 
la  S<K*  (TAuthrop,  de  Paris,  Tome  sixieme,  1896,  fasc.  v.  (iv°  serie). 
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surface  of  the  external  condyle,  and  have  not  availed  myself  of 
the  latitude  which  Professor  Manouvrier  considers  permissible, 
viz.,  to  take  a  point  somewhat  higher  or  lower  than  4  cm. 
according  as  the  shaft  of  the  femur  is  very  long  or  very  short. 

Following  out  the  methods  indicated,  I  have  examined  and 
measured,  with  special  reference  to  the  popliteal  region,  the 
femora  enumerated,  viz.,  13  Maori ;  14  Aboriginal  Australian ; 
12  Andamanese;  5  Sandwich  Islands;  4  Lapp;  4  Eskimo;  6 
Hindu;  2  Bengalee;  2  Sikh;  2  Malay;  2  Chinese;  2  Bush- 
man; 2  KaflBr;  9  Negro;  2  Creole;  1  Egyptian;  3  Guanche; 
and  several  dozens  of  European  and  British  femora  obtained 
from  the  dissecting-room,  and  used  for  the  ordinary  purposes  of 
anatomical  teaching. 

The  majority  of  these  race  femora  are  in  natural  pairs,  which 
is  an  interesting  circumstance  in  relation  to  questions  of  varia- 
tion ;  and  I  may  mention  that  it  is  an  extremely  rare  thing  to 
find  perfect  symmetry  between  the  two  femora  of  the  same 
individual  in  regard  to  corresponding  measurements  of  any  parts 
of  the  bones.  My  experience  is  that  sometimes  it  is  the  left 
bone  which  exceeds  the  right  bone  in  its  chief  features,  and 
sometimes  the  right  exceeds  the  left.  The  absolute  number  of 
femora  included  in  the  foregoing  list  is  not  very  great,  but  they 
are  spread  over  a  large  number  of  different  races,  and  thus 
provide  a  wide  and  varied  field  of  comparison  with  the  Trinil 
femur. 

So  far  as  the  foregoing  list  of  femora  has  provided  me  with 
opportunities  for  observation,  certain  races,  viz.,  Sandwich 
Islanders,  Bengalee,  Sikh,  Malay,  Chinese,  Kaffir,  Creole,  and 
Egyptian,  may  be  excluded  from  further  consideration,  at  least 
in  regard  to  the  popliteal  space,  because  in  these  races  there 
was  no  evidence  of  convexity  in  that  region.  This  fact  may  be 
expressed  by  saying  that  in  the  popliteal  space  of  the  femora  of 
the  races  just  named  the  antero-posterior  diameter  "  mp "  was 
always  less  than  the  antero-posterior  diameter  ''  mn,"  and  in  no 
instance  did  it  therefore  approach  even  in  a  slight  degree  to  the 
Trinil  type. 

On  the  other  hand,  in  certain  races  instances  more  or  less 
numerous  were  found  in  which  the  Trinil  feature  of  the  popliteal 
space  manifested  itself  with  varying  degrees  of  distinctness. 
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Confiequentl J,  in  dealing  with  femora  piesentii^  more  or  less 
convex  popliteal  spaces,  it  is  necessary  to  keep  clearly  in  ^w 
the  measurementB  of  the  popliteal  section  of  the  Trinil  femnr, 
which  at  the  level  of  4  cm.  ahove  the  anterior  superior  bolder  of 
the  condylar  articular  surface  measured : — 

Transverse  popUteal  diameter  at  4  cm         .        33  mm. 
Antero-posterior  „  „         ("mp")       .        32  mm. 

Trans.  =  100,    popliteal  index  .        .        .        96-9  * 

There  can  be  no  doubt  that  these  are  very  remarkable  figures, 
both  as  regards  the  diameters  themselves  and  the  high  indez 
they  yield,  an  index  only  exceeded  in  two  of  the  cases  recorded 
by  Professor  Manouvrier.  It  must,  however,  be  borne  in  mind 
that  there  are  two  factors  to  be  considered  in  calculating  an 
index,  which  merely  expresses  the  relation  existing  between  two 
diameters ;  and  comparatively  high  indices  may  result  from  two 
entirely  different  conditions, — the  one  in  which  the  tranverse 
diameter  is  unusually  small,  the  other  in  which  the  antero- 
posterior diameter  is  unusually  larga  High  popliteal  indices 
do  not  of  necessity  imply  a  convex  surbce  in  this  region,  and 
hence  the  importance  of  a  comparison  between  the  antero- 
posterior diameters  "  mp  "  and  **  mn." 

Now,  althoT^h  I  have  frequently  found  the  diameter  "mp" 
in  excess  of  the  diameter  '^mn,"  yet  3  mm.  is  the  THATifnnn^ 
difference  I  am  able  to  record  between  them.  On  the  other 
hand,  I  have  not  found  any  instance  of  the  diameter ''  mp  "  either 
equal  to  or  greater  than  the  transverse  diameter,  as  was  the  case 
in  the  measurements  from  which  the  two  highest  popliteal 
indices  recorded  by  Professor  Manouvrier  are  calculated. 

Of  those  femora  which  I  have  examined,  the  diameter  "mp" 
was  greater  than  the  diameter  "  mn  "  in  the  following : — ^Lapp, 
1 :  Eskimo,  1 ;  Maori,  1 ;  Hindu,  2  ;  Xegro,  3 ;  Bushman,  2 ; 
Andaman,  5;  Aboriginal  Australian,  4;  Guanche,  2;  4 
European  (British),  (Table  L). 

The  various  popliteal  diameters  and  indices  of  these  femora 
are  tabulated  in  Table  I.,  from  which  it  will  be  seen  that  the 
increase  of  the  diameter  "mp"  above  the  diameter  "mn* 
fluctuated  from  5  mm.  to  3  mm.,  and  is,  moreover,  of  far  ]em 
importance  than  the  relative  proportion  of  the  diameter  "mp" 

*  Quoted  from  ManoiiTrier's  paper  already  referred  to. 
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Table  I. 

Diameters  of  the  Popliteal  Region  of  the  Femur  at  4  cm.  above  the 
anterior-superior  aiiicular  surface  of  the  Extei*ndl  Coruhjle. 


1 

Transv. 

Ant- 

Post. 

Tr.-lOO.    ' 

1 

1 

mp. 

mn. 

Popliteal 
Index. 

Lapp, 
Eskimo, 

9  L. 

32 

22-5 

21-5 

70 

6  L. 

39 

30 

29 

76-9 

Maorii 

P  R. 

35 

26-5 

26 

75-8 

Hindu,       .                .  1 

6  R. 

37-5 

31-5 

31 

84- 

6  L. 

87 

31-5 

81 

85 

Negro,        .        .        .  1 

6  R. 

33-5 

29 

28 

86-5 

L. 

34 

28-5 

28 

83-8        i 

»»            •        •        • 

6  R. 

36 

82-5 

32 

90 

Bashman,  .        .        .  •[ 

6  R. 
L. 

32 
32 

26 
26 

25 
25 

81 
81 

Andamanese,      .        .  -1 

6  R. 
<J  L. 

27 
28 

24 
24 

23 
23 

88-8 
85-7 

„    .  .{ 

cJ  K 

28 

22 

21 

78-5 

6  L. 

29 

21-6 

21 

74           1 

tf               *        ■ 

6  L. 

29-5 

24 

23 

81 

Aboriginal                    f 
Australian,  .        .  \ 

6  R. 

34 

31 

30 

91 

<J  L. 

83 

32 

30 

96*9 

•1                •        " 

6  R. 

31 

29 

28 

93*5 

i»                •        • 

P  R. 

30 

23 

22 

76-6 

Gnanche                       \ 

R. 

35 

29 

27 

82-8 

(Grand  Canary),    .  ( 

L. 

87 

29 

27 

78 

European 

(British)  ''No.  2,"    . 

?  L. 

45 

88 

85 

84*4 

H                A    »» 

<J  L. 

35 

31 

80 

88-5 

It          5  »i 

6  L. 

44 

34 

32 

77 

P  L. 

35 

31 

30 

88-5 

to  the  transverse  diameter,  since  it  is  by  means  of  these  two 
measurements  that  the  popliteal  index  is  calculated.  Thus  we 
may  have  a  condition  in  which  the  diameter  "  mp "  is  greater 
than  the  diameter  "  mn,"  thereby  indicating  a  tendency  towards 
convexity  of  the  popliteal  space,  and  yet  the  popliteal  index  may 
be  comparatively  low,  as  in  the  Lapp  femur  and  in  the  British 
femur  "  No.  5  "  (Table  I.),  because  of  the  relatively  large  size  of 
the  transverse  diameter.  Similarly,  in  the  British  femur  "  No.  2  " 
(Table  II.)  there  is  a  pronounced  increase  of  the  diameter  "  mp  " 
above  that  of  "  mn,"  viz.,  3  mm. ;  and  yet,  when  a  high  popliteal 
index  might  have  been  expected,  it  only  comes  to  84'4,  by  reason 
of  the  great  width  of  the  shaft  in  the  transverse  direction  at  the 
4  cm.  line,  viz.,  45  mm. 
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.  The  converse  is  equally  true,  i.e,,  the  diameter  "mp"  may  be 
less  than  the  diameter  "mn,"  thereby  indicating  flatness  or 
concavity  of  the  popliteal  space,  and  yet  the  popliteal  index  may  be 
comparatively  high,  because  of  the  relatively  smaller  dimensions 
of  the  transverse  diameter.  Thus  a  Bengalee  fenmr  giive  the 
following  diameters : — 

Transverse  popliteal  diameter       ...         32  mm. 

Antero-posterior    „  „      "  mp "     .  28  mnu 

„  „  „      "  mn "     .         .         29  mm. 

Trans,  diam.  =  100,  popUteal  index  .  .  87'5. 
A  precisely  similar  index  was  also  obtained  from  a  Queensland 
femur  (v.  Table  II.),  in  which  the  diameter  "  mn  "  was  3*5  mm. 
greater  than  **  mp."  Accordingly,  I  observe  that  as  a  general  rule 
the  highest  popliteal  indices  are  found  in  those  femora  which 
maintain  to  a  low  level  the  fairly  uniform  transverse  proportions 
of  the  middle  or  pilastric  section  of  the  shaft.  In  other  words, 
we  may  expect  a  high  popliteal  index  if  the  transverse  popliteal 
diameter  (at  4  cm.  above  the  articular  surface  of  the  anterior 
aspect  of  the  external  condyle)  be  less  than  10  mm.  in  excess 
of  the  transverse  diameter  of  the  middle  or  pilastric  portion 
of  the  shaft.  In  the  Bengalee  and  Queensland  femora  above 
referred  to,  the  increase  in  transverse  diameter  from  the  middle 
portion  of  the  shaft  downwards  to  the  4  cm.  line  was  6  mm.  in 
the  case  of  the  former  and  9*5  mm.  in  the  latter.  Of  course, 
concurrent  convexity  of  the  popliteal  surface  would  naturally 
still  further  increase  the  index.  The  femora  presenting  the 
highest  indices  given  in  Table  I.  all  distincly  showed  this 
feature  of  a  very  slight  gradual  increase  in  transverse  dimensions 
from  the  middle  of  the  shaft  downwards,  in  addition  to  the 
convex  condition  of  the  popliteal  space.  Indeed,  in  the  three 
male  Australian  femora  whose  popliteal  indices  were  above 
ninety,  the  increase  in  transverse  diameter  from  the  middle  of  the 
shaft  downwards  to  the  4  cm.  line  only  varied  from  1  to  5  mm. 

It  is  for  a  similar  reason  that  the  Bengalee  femur  already 
referred  to  presented  its  comparatively  high  index  without  any 
trace  of  popliteal  convexity.  In  Table  II.  detailed  measurements 
of  a  number  of  femora  are  given  for  purposes  of  comparison. 
Now,  a  slow  or  delayed  rate  of  increase  in  the  transverse 
diameters  of  the  lower  part  of  the  femur — a  condition  which 
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may  occur  with  or  without  any  associated  convexity  of  the 
popKt«il  space — ^tends  to  preserve  the  more  or  less  cylindrical 
nature  of  the  shaft,  and  in  this  comiection  it  is  interesting  to 
note  that  one  of  the  reasons  which  Professor  Manouvrier 
assigns  for  the  convexity  of  the  popliteal  space  is  the  necessity 
for  increased  strength  in  an  antero-posterior  direction. 

Another  point  of  extreme  interest  brought  out  by  my 
measurements  of  Australian  femora  is  the  fact  that  the  "  Swan 
Hill"  femur,  whose  popliteal  index  is  969,  not  only  exactly 
corresponds  with  the  Trinil  femur  as  regards  this  number,  but 
also  as  regards  the  measurements  from  which  this  tn^^jr  is 
calculated.  Further,  the  total  oblique  length  of  this 
Australian  femur  is  456  mm.,  while  that  of  the  Trinil  femur  k 
455  mm.  Again,  both  femora  in  question  are  from  the  left  side 
of  the  body,  and  the  right  **Swan  HUl"  femur  had  a  popliteal 
index  of  91,  with  a  total  oblique  length  of  455  mm. 

The  next  important  feature  which  I  have  to  note  is,  that  of 
all  the  pairs  of  human  femora  which  I  have  examined,  only  tiro 
pairs  have  yielded  the  same  popliteal  index  for  both  bones,  viz., 
a  male  Bushman  and  a  female  Eskimo.  Throughout  the  whole 
of  the  remainder  the  greatest  diversity  exists.  Sometimes  the 
higher  index  lies  with  the  left  femur,  sometimes  with  the  right. 
Among  Andamans,  Australians,  and  Xegroes  I  have  noted  as 
much  as  6  points  of  difference  between  the  popliteal  indices  of 
the  right  and  left  femora  of  the  same  individual ;  among  Maoris 
and  Sandwich  Islanders,  4  points;  in- the  Sikh,  39;  in  the 
Malay,  69 ;  and  between  a  pair  of  femora  from  a  mound  near 
Melita,  Manitoba,  as  much  as  7*6.  in  favour  of  the  left  bone. 
These  facts  seem  to  indicate  that  the  conditions  determining  the 
popliteal  index  are  the  result  of  causes  which  rarely  operate  to 
an  equal  extent  on  both  the  bones  of  a  pair  of  human  femora. 

From  what  has  preceded,  I  think  there  can  be  no  doubt  that  the 
occurrence  of  more  or  less  of  convexity  of  the  popliteal  space  is 
sufficiently  frequent  to  entitle  it  to  rank  as  a  human  character, 
although  it  seems  quite  certain  that  this  appearance  cannot  be 
regarded  as  a  constant  characteristic  feature  of  any  existing  race. 
Moreover,  its  occurrence  in  varying  degrees  would  seem  to  be 
restricted  to  a  comparatively  small  number  of  modem  races. 
Dr  Dubois  has  referred  to  Manouvrier's  cases  as  atavistic  varie- 
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ties,  and  the  same  thing  might  be  said  of  some  of  the  instances  in 
Table  L,  although,  from  the  frequent  occurrence  of  the  condition 
among  certain  races,  one  would  suppose  that  at  least  the  Australian 
aborigines,  Andamans,  Bushmen,  and  some  other  tribes,  are  not 
far  removed  from  the  original  possessors  of  the  character,  or  that 
the  causes  producing  this  condition  operate  more  frequently 
among  these  races.  Indeed,  one  is  forcibly  reminded  of  the 
theory  which,  from  the  weapons,  domestic  implements,  folk-lore, 
and  rock-drawings,  ascribed  to  these  tribes  a  common  ancestry 
on  a  continent  now  submerged  in  the  Indian  Ocean.  At  any 
rate,  these  races  cannot  be  so  far  removed  from  the  original 
possessors  of  the  condition — (if  such  a  race  ever  existed) — as 
those  in  which  it  has  either  not  been  observed,  or  only  with 
great  rarity. 

So  far,  then,  as  modem  savage  and  civilised  races  are  concerned, 
their  femora  conclusively  show  that  a  more  or  less  convex 
condition  of  the  popliteal  space  in  normal  femora  is  not  the 
exclusive  possession  of  the  Trinil  femur. 

The  other  two  features  of  the  Trinil  femur,  viz.,  concavity  of 
the  trochanteric  line  and  convexity  or  roundness  of  the  inner 
side  of  the  middle  portion  of  the  shaft,  are  more  easily  dealt 
with,  because  they  axe  not  claimed  as  in  themselves  distinctive 
of  the  Trinil  femur,  but  merely  as  important  by  reason  of  their 
association  with  the  convex  popliteal  surface. 

The  two  Chinese  femora  which  I  have  examined  present  in 
a  marked  degree  a  convexity  of  the  inner  side  of  their  shafts  in 
the  middle  third;  but  apart  from  them,  the  Australian  and 
Negro  femora  already  referred  to,  without  any  doubt  present  all 
the  three  Trinil  features  conjoined  on  the  same  bones.  As  the 
two  bones  forming  a  pair  are  scarcely  ever,  if  indeed  ever, 
duplicated,  it  is  not  to  be  expected  that  any  one  bone  will  form 
an  exact  duplicate  of  the  Trinil  femur,  but  for  all  practical 
purposes  of  comparison  the  variations  are  not  sufl&ciently  great 
to  constitute  essential  and  distinctive  differences. 

IrUerpretation, 

The  interpretation  of  the  meaning  to  be  drawn  from  the 
occurrence  of  a  greater  or  less  degree  of  convexity  of  the 
popliteal  surface  of  the  femur  is  of  importance  for  a  variety  of 
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reasons.  We  may  take  it  as  a  general  principle  that  the  shaft 
of  any  long  bone  whose  chief  functions  are  associated  with 
support  and  progression,  owes  its  main  proportions  to  the 
mechanical  adaptation  of  its  lines  of  resistance  to  the  necessities 
of  the  attitude  or  gait  adopted  by  the  particular  animal,  and 
the  details  on  its  surface  to  the  attachments,  varying  importance, 
and  development  of  the  different  muscles  concerned  in  maintain- 
ing and  producing  the  attitude  and  gait.  Thus  we  may  have  a 
close  resemblance  among  long  bones  with  regard  to  their  general 
features,  and  a  wide  variety  among  them  in  points  of  detail, 
without  transgressing  the  limits  of  normal  anatomical  variations. 
On  the  other  hand,  it  is  well  known  that  all  the  foregoing 
conditions  may  be  greatly  modified  by  pathological  changes,  and 
in  the  present  discussion  these  are  fairly  admissible,  in  view  of 
the  fact  that  the  Trinil  femur  bore  undoubted  evidence  of  such 
pathological  influences. 

An  increase  in  the  amount  of  the  antero-posterior  popliteal 
diameter  "mp"  seems  distinctly  necessary  for  mechanical 
reasons,  especially  when  we  certainly  find  such  an  increase 
associated  with  a  very  small  and  gradual  addition  to  the 
transverse  diameters  of  the  shaft  from  its  middle  portion 
downwards  to  the  4  cm.  line. 

The  question  of  muscular  attachments  as  an  influence  in 
increasing  the  convexity  of  the  popliteal  surface  has  been 
elaborately  discussed  by  Professor  Manouvrier  in  his  memoir 
already  referred  to.  He  is  of  opinion  that  the  muscles  attached 
to  the  outer  lip  of  the  Hnea  a^era  may  tend  to  preserve  the 
cylindrical  character  of  the  femoral  shaft  to  a  lower  level  than 
usual  when  they  maintain  their  vertical  attachment  on  the 
posterior  aspect  of  the  shaft  to  a  point  below  the  level  at  which 
they  usually  diverge  towards  the  external  condyle,  for  in  this 
way  the  length  of  the  Hnea  aspera  would  be  increased,  and  the 
upper  limit  of  the  popliteal  space  correspondingly  lowered. 
My  measurements  show  that  while  the  length  of  the  popliteal 
space  is  undoubtedly  diminished  in  many  of  the  bones  in  which 
convexity  of  the  popliteal  surface  is  seen,  yet  such  diminution 
does  not  occur  in  all  the  bones  whose  popliteal  surface  shows 
convexity ;  and  when  I  have  liad  a  sufficient  number  of  femora 
for  comparison,  I  have  found  the  shortest  popliteal  spaces  in  those 
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which  presented  no  evidence  of  convexity  in  this  region.  When 
Dr  Dubois  exhibited  and  described  his  specimens  in  Edinburgh, 
I  showed  him  several  dissections  of  the  lower  limbs  of  the  great 
anthropoid  apes,  and  demonstrated  various  points  in  connection 
with  the  attachments  of  muscles  to  their  femora.  Thus,  on  the 
femur  of  the  Gibbon  (Hylobates),  the  vastus  internus  muscle  is 
in  close  apposition  with  the  femoral  head  of  the  biceps  flexor 
cruris  muscle  at  the  upper  end  of  the  popliteal  space,  by  reason 
of  the  insertion  of  the  pubic  portion  of  the  adductor  magnus 
muscle  at  a  much  higher  level  than  is  found  in  man,  while  the 
iscliial  portion  of  the  same  muscle  is  inserted  not  into  the 
internal  condyle  of  the  femur,  but  into  the  middle  of  the  internal 
supracondyloid  ridge  above  and  posterior  to  the  level  at  which 
the  femoral  vessels  pass  backwards  to  become  the  popliteal 
vessels.  Again,  in  the  Chimpanzee,  the  insertion  of  the  pubic 
portion  of  the  adductor  magnus  extends  downwards  to  be  spread 
out  on  and  ''inserted  into  the  greater  part  of  the  popliteal 
surface  of  the  femur,  extending  as  low  down  as  the  posterior 
ligament  of  the  knee-joint."^ 

In  connection  with  this  arrangement  of  muscles  in  the 
Chimpanzee  and  Gibbon,  it  is  interesting  to  observe  that  in  four 
Chimpanzee  femora  which  I  have  measured,  the  diameter  "  mp  " 
was  greater  than  the  diameter  ''  mn "  by  1  mm.,  while  in  two 
femora  of  a  Gibbon  (ffy,  syndadylvs)  only  one,  namely  the  left, 
showed  an  increase  of  '3  mm.  in  favour  of  the  diameter  "  mp." 
As  the  femora  of  the  Gibbon  were  only  approximately^  205  mm. 
in  total  oblique  length,  the  4  cm.  line  unduly  favoured  the 
antero-posterior  diameters,  for  on  measuring  the  same  diameters 
at  2  cm.  lower  down,  the  diameter  "mp"  was  less  than  the 
diameter  "  mn "  in  both  femora.  In  the  femora  of  the  Gorilla 
and  Orang-utan  the  diameter  '*mn"  was  greater  than  the 
diameter  "  mp." 

Our  knowledge  of  the  muscular  anatomy  of  the  human 
popliteal  space  is  derived  almost  entirely  from  the  dissection  of 
Europeans,  in  whom  it    is  not  usual  to    find  the  popliteal 

*  Hepburn  :  **The  Comparativo  Anatomy  of  the  Muscles  and  Nerves  of  the 
Superior  and  Inferior  Extremities  of  the  Anthropoid  Apes,"  Jour,  of  Anat.  avd 
Phys.f  vol.  xxvi.  p.  883. 

^  The  skeleton  was  articulated. 
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sarfaoe  of  the  femur  clothed  widi  muscle ;  bat,  as  I  have  else- 
where pointed  out  {loc  eU.\  there  is  no  difficnlty  in  onderstanl- 
ing  the  miuscolar  channel  by  which  the  articular  branch  of  th^ 
obturator  nerve  was  carried  to  the  posterior  aspect  of  the  knee- 
joint  It  would  be  highly  interesting  to  know  the  exact  lii^ii^ 
and  dimensions  of  the  femoral  head  of  the  Biceps  fiexor  cruris 
and  of  the  femoral  insertion  of  the  pubic  portion  of  the  Addci^^tcT 
magnus  muscles,  even  among  Europeans ;  and  such  an  inqTiirr 
might  readily  be  undertaken  by  the  Collective  Investi^dtkio 
Committee  of  the  Anatomical  Society. 

Pathological  CondUioaa. 

Various  explanations  have  been  offered  regarding  the  prescni^c 
of  the  exostosis  on  the  Tiinil  femur.  Into  a  discussion  of  tL^;&e 
I  need  not  enter,  since  it  is  sufficient  for  my  purpose  that  the 
Trinil  femur  is  not  absolutely  normal,  and  examination  of  other 
pathological  specimens  is  therefore  permissible. 

It  is  quite  clear  that  an  inflammatory  condition  such  as 
periostitis  may  tend  to  fill  up  hollows  on  bones  as  well  as  to 
accentuate  existing  elevations  or  convexities ;  moreo\'er,  in  the 
case  of  a  slender  bone  presenting  a  rachitic  tendency  to  antero- 
posterior ciirvature,  one  might  naturally  expect  additional  ossitic 
activity  in  the  neighbourhood  of  an  epiphysial  cartil^e  by  way 
of  mechanically  counteracting  such  rachitic  tendency.  On  the 
other  hand,  any  pathological  condition  of  long  standing  must 
necessarily  have  interfered  with  the  physical  activity  of  the 
individual,  and  thereby  both  the  muscular  development  and  the 
curves  normal  to  a  femur  must  have  suffered  serious  modification. 
None  of  the  femora  already  referred  to  as  possessing  a  popliteal 
surface  more  or  less  convex,  present  any  evidence  of  inflam- 
matory thickening  so  far  as  the  popliteal  surface  is  concerned, 
although  a  certain  amount  of  the  convexity  of  the  inner  side  of 
the  middle  portion  of  the  shaft  may  have  been  produced  by 
periostitis  in  the  "  Swan  Hill "  femora. 

In  the  Pathological  CoUection  of  the  University  of  Edinburgh 
there  is  a  rachitic  femur  (526)  which  has  the  following  measure- 
ments : — 
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Total  oblique  length,      .... 

365  E 

Diameter  of  head — (head  damaged). 

Subtrochanteric  diams. : — 

(a)  Antero-posterior,  .... 

23 

(b)  Transverse, 

27 

Platymeric  indeXj .... 

85 

Diams.  of  middle  region  of  shaft : — 

(a)  Antero-posterior,. 

26 

(6)  Transverse 

26 

PUastric  iiidcXy 

100 

Popliteal  indeXy 

96-8 

{%)  Popliteal  width  at  4  cm.,  . 

32 

{u)  Max.  bicond.  width,          .         .         .         , 

73 

7^  =  100.    i= 

43 

Distance  of  linea  aspera  from  external  condy] 

le,       85 

Diam.  "  mn "         .      ' 

27 

,»         mp 

rm    •           «                        11                                                      1               J                            J          < 

31 

a 

This  femur  had  a  pronounced  antero-posterior  curvature  of 
the  sliaft,  but  did  not  present  evidences  of  inflammatory  thicken- 
ing except  in  the  popliteal  space,  where  the  surface  between  tlie 
two  supracondyloid  ridges  was  uniformly  raised  and  occupied  by 
bone  of  a  slightly  more  porous  texture  than  the  surrounding 
parts.  I  have  introduced  reference  to  this  femur  because  it 
affords  an  illustration  of  localised  thickening  affecting  an 
important  diameter,  and  thereby  raising  the  popliteal  index  to 
a  very  high  figure  in  an  artificial  way.  It  seems  diflScult  to 
suggest  an  explanation  of  this  local  increase,  unless  it  be  that 
the  deposition  of  new  material  provided  a  kind  of  buttress  for 
resisting  the  antero-posterior  bending.  I  have  seen  another 
instance  of  this  localised  popliteal  thickening,  although  to  a  less 
extent  than  in  the  rachitic  bone,  in  a  femur  taken  from  the 
general  collection  of  femora  used  for  ordinary  teaching  purposes. 
This  specimen  is  included  as  No.  1  at  the  end  of  Table  II. 
The  shaft  was  rather  straighter  than  usual,  and  there  was  no 
evidence  of  inflammatory  thickening,  except  in  the  popliteal 
space.  By  far  the  most  remarkable  feature  of  this  bone  was  its 
Platyrticric  index,  which  was  almost  as  low  as  that  of  the  lowest 
Maori  indices.      It  is   not  quite   certain,  of  course,  to  what 


THK  TSIKIL  FKMUB.  15 

nationality  this  femur  really  belonged,  but  thei«  was  i^:^ 
possibility  of  its  belonging  to  a  Maori,  siooe  it  most  h^ve  been 
prepared  many  years  ago  from  an  ordinary  dis8eeii::j*rooai 
subject  The  measurements  show  a  close  approximadc*n  ot 
"^  mp  "  to  "  mn  " ;  and  had  the  individual  lived  some  years  1< 'cger, 
the  relation  between  these  diameters  might  have  been  mc»r« 
pronounced  As  it  is,  even  althou^  '*mp"  is  less  than  ''mn,* 
the  popliteal  index  is  fairly  high,  because  of  the  slender  nalnre 
of  the  shaft,  and  its  very  sUght  increase  in  transverse  diameters 
from  the  middle  of  the  shaft  downwards  to  the  4  cm.  line. 


dmdusions. 

L  Convexity  of  the  popliteal  surface  of  the  femur  is  not  a 
feature  exclusively  seen  in  the  Trinil  femur,  but  is  found 
in  a  proportion  of  the  femora  of  existii^  races,  in  varying 
degrees,  even  up  to  the  same  amount  as  in  the  Trinfl  femur,  as 
shovFn  by  the  popliteal  index. 

IL  Concavity  of  the  anterior  intertrochanteric  line,  together 
with  convexity  of  the  inner  surface  of  the  middle  portion  of  the 
femoral  shaft,  is  to  be  found  on  human  femora,  not  (hiIv  sindv, 
but  also  associated  with  convexity  of  the  popliteal  surface. 

IIL  The  frequency  with  which  these  features  are  found  on 
human  femora  entitles  them  to  rank  as  human  characteristics. 

IV.  The  femur  of  Trinil  has  not  been  shown  to  possess  features 
entitling  it  to  the  distinction  of  a  separate  genus,  but  is  a 
human  femur,  which  from  the  geological  horizon  connected  with 
its  discovery  assodates  the  genus  Homo  with  a  period  more 
remote  than  any  former  discovery  of  man's  remains. 

V.  Laying  aside  the  forgoing  characters  of  the  Trinil  femur 
the  appearances  of  its  condyles,  their  articular  surfaces,  and 
the  intercondylar  notch  are  peculiarly  human,  and  not  simian. 

VI.  Reasoning  from  these  conclusions,  with  regard  to  the  femur, 
either  the  skull-cap  and  the  molar  teeth  were  also  parts  of  a 
human  being,  or  it  has  yet  to  be  proved  that  they  readly  formed 
parts  of  the  individual  who  provided  the  femur. 
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EXPLANATION  OF  THE  FIGUBES. 

These  outline  figures  represent  transverse  sections  of  the  pophteal 
region  of  various  femora  at  the  level  of  the  4  cm.  line.  They  were 
made  with  thin  strips  of  flat  lead,  and  are  reproduced  in  natural  size. 
The  letters  correspond  throughout: — A,  anterior;  P,  posterior;  E, 
external ;  I,  internal ;  "  mn  "  and  "  mp  "  are  the  two  antero-posterior 
diameters  referred  to  in  the  text. 

Table  II.  contains  the  detailed  measurements  of  the  Lapp,  Anda- 
man, Australian  (Swan  Hill,  N.S.W.),  Negro  (articulated  skeleton), 
and  British  (No.  2)  femora,  of  which  outline  sections  are  given. 

Table  I.  contains  the  popliteal  diameters  of  thQ  figures  representing 
sections  of  the  femora  of  an  Eskimo  and  a  Bushman. 

The  details  of  the  Rachitic  femur  (526)  are  included  in  the  text. 

In  the  British  femora  "  No.  3  "  and  "  ordinary  type  "  the  diameter 
"  mp  "  was  less  than  the  diameter  "  mn,"  but  in  the  former  bone  the 
pcjilUeal  inder  was  higher  than  the  latter,  by  reason  of  the  pronounced 
difference  in  the  proportion  of  their  transverse  diameters. 

In  the  Gorilla  and  Orang-utan  "mp"  was  less  than  "mn,"  while 
in  the  Chimpanzee  "  mp  "  was  greater  than  "  mn." 

Right  femora  are  represented  by  the  Andaman,  Negro,  British 
(No.  3),  and  ordinary  European  type ;  all  the  other  figures  are  from 
left  femora. 

The  dotted  lines  outside  of  each  figure  indicate  the  lateral  ridges 
which  limit  the  popliteal  space. 
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A  PEELIMINAEY  NOTE  ON  THE  DEVELOPMENT  OF 
THE  CLITOEIS,  VAGINA,  AND  HYMEN.i  gy  D. 
Beeky  Hart,  M.D.,  F.R.C.P.E.,  Lecturer  on  Midwifery  and 
Diseases  of  Women,  School  of  Medicine  of  the  Royal  Col- 
leges {Surgeons'  Hall),  Edinhv/rgh.    (Plates  I.-VI.) 

While  much  has  beeu  done  to  put  the  development  of  the 
female  genital  organs  on  a  satisfactory  basis,  there  are  certain 
points  in  which  our  knowledge  is  defective,  as  well  as  some  out- 
standing facts  which  have  not  yet  received  a  clear  explanation, 
and  can  thus  only  be  classed  as  anomalous.  In  the  first  place, 
so  far  as  our  present  knowledge  goes,  it  is  remarkable  that  in 
the  foetus  at  full  time  a  hymen  is  always  present ;  and  still  more 
remarkable  that  even  in  atresia  vaginae  the  hymen,  and  occasion- 
ally a  double  hymen,  is  developed.  Why  should  the  hymen  be 
always  present  in  the  full-time  foetus  ?  Why  in  atresia  vaginae 
should  the  hymen  escape  the  atresia  ? 

Then,  again,  the  structure  of  the  vaginal  mucous  membrane  is 
quite  analogous  to  that  of  skin.  We  have  many  layers  of  a 
squamous  and  quite  characteristic  nature,  the  cells  of  the  deeper 
layers  being  more  oval  and  staining  more  deeply.  The  superficial 
layers  desquamate  like  skin;  there  are  practically  no  glands 
present,  and  in  prolapsus  uteri  the  everted  mucous  membrane 
takes  on  the  appearance  of  the  body  skin.  One  would  expect, 
therefore,  an  epiblastic  origin  for  the  lining  of  the  vagina  and  the 
outer  covering  of  the  vaginal  cervix.  The  genital  tract  is  stated 
to  be  developed,  however,  from  the  ducts  of  Miiller,  the  non- 
coalescing  parts  forming  the  Fallopian  tubes,  the  coalescing 
portions  the  uterus  and  vagina.  The  ducts  of  Miiller  arise  prob- 
ably from  the  mesoblast,  the  WolflBan  ducts  from  the  epiblast. 
The  received  opinion  is,  therefore,  that  the  vaginal  lining  is 
derived  from  Mtiller's  ducts,  a  mesoblastic  source,  and  that  the 
Wolffian  ducts  and  bodies  have  only  an  important  excretory 
function  in  the  early  foetus  until  the  permanent  kidneys  de- 
velope.     Their  importance,  as  active  organs,  then  ceases,  and 

^  From  the  Laboratory  of  the  Royal  College  of  FhyaiciaQSi  Edinburgh. 
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they  are  considered  aa  poasessing  merel}'  a  patholi^cal  iiigaifi- 
cance,  as  they  provide  the  gyuecologiet  with  the  well-knowQ 
parovarian  cyst,  with  some  of  the  papillomatooB  tumourB  of  the 
ovary  and  broad  ligament,  as  well  us  aome  of  the  rarer  vaginal 
and  broad  ligament  cysts.  Some  observers  assert  that  the 
Wolffian  ducta  enter  into  the  formation  of  the  lower  part  of  the 
vagina ;  and  Pozzi,  in  a  very  acute  and  able  manner,  gives  most 
excellent  reasons  for  considering  the  hjanen  as  not  vaginal. 
Whether  he  is  right  in  statii^  that  it  is  to  be  considered  vulvar, 
remains  to  be  seen. 
For  some  time  past  I  have  had  prepared  for  microscopica 


Fia.  1.— Vertical  medal  Bectiou  of  the  fenuls  pelvis  (modified  from  Foster).  A 
criMS  marks  tbe  site  of  the  hymen,  and  the  lining  of  the  vagina  derived  irom 
the  Wolffian  boltw  has  a  dotted  outlioe. 

examination  the  pelvea  of  early  fcetuses,  male  and  female,  the 
paraffin  method  being  employed  and  the  material  cut  serially. 
I  examined  them  at  first  for  my  own  information  and  for  teach- 
ing purposea,  but  the  remarkable  developmental  changes  roused 
my  interest,  and  induced  me  to  go  more  thoroughly  into  the 
matter  than  I  had  at  first  intended.  From  the  published  works 
and  papers  of  His,  Waldeyer,  Dohrn,  Nagel,  v.  Mihalkovics, 
Budin,  Toumeux  and  Legay,  Klein,  Pozei,  Kollmann,  Keibel,  and 
from  the  suggestive  text-book  of  Minot,  I  received  much  valu- 
able information,  but  no  answer  to  the  initial  difficulties  I  have 
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stated.  A  prolonged  and  careful  examination  of  my  Bpecimeos 
seems  to  me  to  have  cleared  up  these  anomalous  points,  and  this 
is  my  reason  for  pubUshing  the  present  communication,  and 
committing  vhat  the  professed  embryolc^t  may  consider  a 
trespass. 

The  question  to  he  considered  will  be  clearly  understood  if 
figs.  1  and  2  be  first  studied.  Fig.  1  (text)  shows  a  vertical 
mesial  section  of  an  adult  pelvis.  One  sees  the  hymen  on 
section,  and  the  vagina  with  its  outline  dotted  where  its  lining 
is  derived,  from  the  Wolffian  ducts,  as  I  hope  to  show,  and 
therefore  epiblastic. 

Farre  and  CuUingworth  accurately  describe  the  hymen  as  a 
pouting  vertical  slit,  and  there  is  no  doubt  that  some  of  its 
various  shapes  are  made  by  the  method  of  examination. 


Flo.  2. — From  Eeibel's  model  of  orfjana  in  foctOB  at  aboat  eighth  ireek.  The 
emiueuM  of  Hiiller,  vhere  the  hymen  will  develope,  is  marked  with  a  ctosb, 
which  also  liea  at  the  upper  end  of  the  aians.     (8.) 

Fig,  2  (text)  shows  Keibel's  valuable  model  of  the  relations  at 
the  eighth  week ;  it  is  practically  the  same  as  in  the  seven  weeks' 
fcetus,  of  which  sections  are  given  in  the  Plates.  It  is  at  Muller's 
eminence  that  the  hymen  is  developed,  and  the  main  object  of 
this  note  is  to  determine  some  of  the  changes  transforming  fig.  2 
into  fig.  1. 

The  specimens  I  bad  for  examination  were  as  follows : — (1.) 
Serial  sections  of  a  five  weeks'  fcetus,  carefully  prepared  and 
stained,  which  I  owe  to  the  kindness  of  Dr  H,  J.  Stiles.  (2.)  A 
seven  weeks'  ftetus,  also  serially  cut.  This  was  from  a  cancerous 
seven  weeks'  pregnant  uterus,  successfully  extirpated  by  me, and 
prepared  and  stained  by  Dr  Lovell  Gulland.    (3.)  A  foetus  at 


DEVKLOPHSNT  OF  THE  CUTOBIS,  VAGINA*  AND  HTMKN.  21 

the  third  month,  perfectly  fresh  and  well  preserved.  (4.)  A  four 
and  a  half  months'  foetus;  and  (5.)  one  at  foil  time.  I  also 
examined  several  male  pelves  as  well  as  those  of  foetal  rabbits, 
but  do  not  consider  these  at  present 

The  foetuses  (3.)  to  (5.)  were  prepared  by  Mr  Home  Patterson 
at  the  Laboratory  of  the  Soyal  College  of  Physicians,  where  also 
the  microphotographs  and  transparencies  were  mada  I  am 
greatly  indebted  to  Mr  Patterson  for  the  skill  he  displayed  in 
the  preparation  of  the  specimens  and  photographs. 

The  early  foetuses  were  cut  seriEtUy  and  transversely  by  the 
paraffin  method;  all  the  sections  were  mounted.  The  later 
foetuses  were  treated  in  the  same  way,  but  only  eveiy  sixth  could 
be  mounted,  and  the  sections  were  cut  in  the  sagittal  mesial 
plana  Mr  Stiles'  preparation  had  been  stained  in  carmine  in 
block ;  for  all  the  rest,  logwood  and  eosin  were  employed. 

Based  on  this  examination,  and  on  the  literature  of  the  sub- 
ject, I  shall  now  consider — 

(1.)  The  devdopmerU  of  the  genital  trad  prior  to  theformaiion 
of  the  hymen.  This  is  well  illustrated  by  the  foetuses  of  the 
sixth  and  seventh  week. 

(2.)  The  origin  and  development  {a)  of  the  prepuce  of  the  eliioris, 
and  (b)  of  the  hym^en.  The  foetuses  of  the  third  and  fourth 
month  illustrate  this  stage. 

(1.)  The  developrnentofthe  genital  tra4i  prior  to  theformaiion  of 
the  hymen. 

In  the  seven  weeks'  foetus  one  finds,  in  the  abdominal  cavity, 
the  peritoneal  ridges,  one  on  each  side  of  the  middle  line,  with 
the  WolfiQan  bodies.  Lower  down,  the  outer  ridges  with  the 
Wolffian  and  MuUerian  ducts  appear ;  and  at  the  lower  levels, 
the  ovary  with  its  characteristic  pedunculated  form  comes  into 
view,  lying  on  what  will  be  the  posterior  lamina  of  the  future 
broad  ligament.  The  Wolffian  bodies  have  greatly  lessened  in 
size,  and  at  the  level  of  the  ovary  are  much  dioiinished  in 
section.  The  outer  ridge  is  hour-glass  shaped  on  transverse 
section.  In  the  outer  segment  the  ducts  of  Wolff  and  Midler 
devclope :  the  inner  one  becomes  the  ovary.  The  outer  joins  its 
fellow  to  form  the  broad  ligament  in  front  of  the  ovarian  part, 
which  thus  comes  to  lie  behind. 
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In  the  broad  ligament  we  have  the  Wolffian  ducts  and  ducts 
of  Miiller,  and  at  a  lower  level  the  genital  cord  of  Thiersch,  In 
the  five  weeks'  foetus  we  find  four  canals  in  the  genital  cord,  the 
two  outer  being  the  Wolffian  ducts,  the  two  inner  the  ducts  of 
Miiller.  In  the  six  weeks*  foetus  the  ducts  of  Mttller  have 
coalesced  into  one  canal,  but  the  Wolffian  ducts  are  distinct. 
Still  lower  we  get  the  Wolffian  ducts  opening  into  the  urino- 
genital  sinus,  while  the  ducts  of  Mtiller  end  in  the  eminence  of 
Mttller  between  these  (v.  PL  L). 

Immediately  before  the  Wolffian  ducts  so  end  they  flatten  out 
laterally,  and  with  the  MttUerian  ducts  form  an  H -shaped  appear- 
ance on  transverse  section  (PL  III.  fig.  6).  So  far,  then,  it  is 
certain  that  the  Anlage  of  the  greater  part  of  the  vagina  is  the 
ducts  of  Mtiller,  with  probably  a  part  of  the  Wolffian  ducts 
where  the  adult  vagina  is  H-shaped  on  transverse  section. 
(Hoffmann,  quoted  by  Pozzi ;  but  I  have  not  been  able  to  get 
the  original  paper.) 

(2.)  TJie  origin  of  (a)  the  prepuce  of  the  clitoris  and  of(h)  the 
hymen. 

In  the  four  and  a  half  months'  foetus  the  coronal  section  of 
the  glans  clitoridis  shows  a  remarkable  horse-shoe  like  structure 
surrounding  the  glans  tissue.  The  margins  of  the  horse-shoe 
consist  of  a  layer  of  active  cells  staining  deeply,  while  between 
these  we  have  less  deeply  stained  cells  (PL  lY.,  figs.  7  and  8). 
So  far  as  one  can  determine,  they  are  epithelial  ceUa  Their 
origin  and  nature  are  clearly  determined  in  the  sagittal  sections 
of  the  glans  in  the  three  and  a  half  months'  foetus,  where  one 
sees,  at  the  lower  part  of  the  clitoris  apex,  the  epidermis  send- 
ing in  two  sickle-shaped  processes  whose  apices  do  not  meet 
(PL  IV.,  fig.  7).  This  is  really  a  thimble-like  involution  of 
epidermis,  the  open  base  of  the  thimble  being  at  the  corona. 
The  superficial  layers  of  the  epidermis  are  necessarily  in  the 
centre  of  these  involutions.  The  clitoris  in  the  early  foetus 
is  bulbous  and  entire  (PL  V.  fig.  10).  The  involution,  as 
already  described,  takes  place  at  or  about  the  third  month, 
and  the  separability  of  the  prepuce  is  formed  by  the  central 
cells,  which  are  really  the  superficial  ones,  desquamating; 
i.e.,  the  prepuce  is  now  the  movable  hood  we  find  in  the  adult. 
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To  see  the  changes  which  bring  about  (b)  tJie  developmerU  of 
ihe  hymen,  we  must  examine  sections  at  the  third  and  fourth 
month  respectively. 

The  specimens  I  examined  were  at  the  third  and  a  half  and 
fourth  month,  and  the  sections  were  cut  sagittallj  in  the  former 
specimen,  and  in  the  axial  transverse  direction  in  the  latter; 
t.e.,  from  side  to  side,  and  in  the  axis  of  the  brim  in  the  four  and 
a  half  months'  one. 

Hemarkable  changes  have  taken  place  in  the  vc^ina.  We 
have  seen  that  in  the  early  foetus  the  vagina  was  formed  from 
the  coalesced  ducts  of  Miiller,  and  that  a  lumen  was  present,  the 
cavity  being  lined  with  a  single  layer  of  cells.  What  we  now 
find  is  as  follows : — At  what  we  may  term  the  site  of  the  vaginal 
entrance  one  sees  an  ingrowth,  the  deeper  layer  of  the  vestibule 
lining  passing  in,  and  with  it  the  superficial  layers  too.  This 
passing  in  of  the  superficial  layer  is,  as  in  the  case  of  the  clitoric 
prepuce,  of  great  importance,  as  it  is  the  desquamation  of  these 
superficial  layers,  however  effected,  that  gives  rise  to  a  lumen. 
The  passage  is  in  the  form  of  multiple  tubular  ingrowths,  so  that 
we  see  on  section  several  canals  the  wcdls  of  which  gradually 
disappear  and  thus  a  single  canal  up  to  the  outer  aspect  of  the 
hymen  is  formed  (PL  IV.  fig.  7). 

A  little  higher  in  the  vaginal  axis  remarkable  structures  are 
now  to  be  noted,  viz.,  two  oval  collections  of  cells  from  which 
cords  of  actively  proliferating  cells  pass  in  several  streams,  as  it 
were,  to  fill  up  the  vaginal  lumen  as  far  as  the  cervix  uteri, 
where  in  this  specimen  the  posterior  fornix  is  mapped  out  by  a 
sickle-shaped  prolongation  of  the  cells.  The  vaginal  lumen  is 
solid  below,  but  higher  up  a  lumen  has  begun  to  form.  The 
periphery  of  the  bulbous  collection  of  cells  is  mapped  off  by 
actively  growing  cells,  while  the  mass  of  the  bulb  is  made  up  of 
epithelial  cells  exactly  similar  to  those  of  the  epithelial  lining 
of  the  fully  developed  vagina,  the  peripheric  cells  being  the  same 
as  those  in  the  deeper  layers  of  the  vaginal  epithelium.  In 
regard  to  this  bulb  an  examination  of  all  the  sections  shows  that 
the  following  conditions  arc  present :  At  a  little  distance  from 
the  middle  line  it  is  solid ;  in  the  middle  line  it  has  a  lumen  in 
the  form  of  a  vertical  slit ;  while  further  out  a  second  bulb  is 
seen  and  with  a  duct,  the  Wolffian  duct  passing  into  it.    One  of 
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the  bulbs  is  the  larger,  and  they  lie  laterally  in  relation  to  one 
another  (PL  VI.  fig.  12 ;  and  PL  II.  figs.  3  and  4> 

I  may  anticipate  here,  for  convenience  of  terminology,  one  of 
the  chief  conclusions  of  my  paper,  by  saying  that  these  bulbs 
are  Wolfl&an  in  their  origin — i.e.,  are  derived  from  the  Wolffian 
duct — and  I  shall  now  term  them  the  Wolffian  bulbs. 

It  is  evident  that  we  can  now  explain  the  hymeneal  opening 
of  the  vagina,  as  we  must  distinguish  between  this  and  the 
formation  of  the  fully  developed  hymen  and  its  varieties.  At 
present  I  only  consider  the  former  question. 

The  hymeneal  opening  is  evidently  formed  by  a  vestibular 
involution  from  below  meeting  the  bulbar  distensions  above, 
and  causing  a  thinning,  and  ultimately  a  perforation,  of  the 
intervening  tissue. 

The  four  and  a  half  months'  pelvis  shows  the  fully-formed  and 
coalesced  bulbs  with  a  vertical  slit,  and  according  to  the  obliquity 
of  the  section  we  get  either  one  bulb  or  both.  Between  the 
lower  ends  of  the  bulb  is  a  vertical  spur,  the  rudiment  of  the 
posterior  vaginal  column  (Plate  V.  fig.  9). 

The  full  statement  of  the  formation  of  the  vagina  and 
hymeneal  opening  seems  to  me  to  be  as  follows : — Up  till  the 
origin  of  the  hymen  the  vagina  is  Mullerian  and  lacking  its 
lower  end.  Then  comes  the  formation  of  the  Wolffian  bulbs  by 
a  proliferation  of  the  lower  ends  of  the  Wolffian  ducts.  The 
epithelium  of  these  ducts,  epiblastic  in  their  origin,  forms  the 
Wolffian  bulbs,  and,  proliferating,  passes  up  into  the  vaginal 
canal,  filling  up  its  lumen,  mapping  out  the  fomices,  covering 
the  vaginal  portion  of  the  cervix,  and  passing  at  first  into  the 
lower  part  of  the  cervical  canaL  The  central  cells  are  the  least 
active  and  become  shed;  that  is,  a  lumen  is  formed.  The  vaginal 
entrance  is  formed  where  the  epiblastic  ingrowth  from  below 
meets  the  bulbar  distension  above,  and  this  is  the  developmental 
definition  of  the  hymen  and  the  vaginal  entrance. 

The  view,  so  ably  advocated  by  some  authors,  that  the  fully- 
formed  vaginal  lining  is  derived  from  the  ducts  of  Miiller,  is  full 
of  difficulties.  It  would  make  the  vaginal  lining  mesoblastic, 
and  give  no  explanation  of  the  remarkable  blocking  of  the  vagina 
with  cells  while  the  hymen  is  being  formed,  as  well  as  no  reason 
for  the  different  lining  of  the  adult  vagina,  uterus,  and  tubes. 
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The  lining  of  the  uterus  is  Miillerian  and  mesoblastic,  that  of  the 
vagina  is  Wolffian  and  epiblastic. 

The  question  of  the  relation  of  these  ducts  to  the  germ  layers 
is,  however,  much  disputed.  In  the  Elasmobranchs  they  appear 
to  have  a  common  origin.  So  far  as  my  reading  and  examination 
of  specimens  go,  I  am  of  opinion  that  the  Miillerian  duct  is 
mesoblastic  in  the  human  foetus,  but  that  at  its  very  lowest  part 
the  vagina  is  Wolffian,  and  therefore  epiblastic,  and  that  as  the 
hymen  is  derived  from  the  Wolffian  bulbs,  its  inner  surface  ia 
epiblastic.  Its  outer  surface  is  really  hypoblastic,  being  derived 
from  the  lining  of  the  urino^enital  sinus. 

The  view  I  advance  seems  to  me  to  explain  the  development 
so  far  as  the  points  stated  in  the  beginning  of  the  paper  are  con- 
oemed,  and  may  be  summed  up  as  follows : — 

1.  Before  the  hymen  is.  developed — i.e.,  up  till  the  second  and 
third  month  of  foetal  life — the  vagina  is  formed  by  the  coalesced 
ducts  of  Miiller,  but  no  lower  aperture  and  no  hymen  are  present; 
the  vagina  is  Miillerian  and  blind. 

2.  At  the  beginning  of  the  third  month  two  bulbs  form  from 
the  lower  ends  of  the  Wolffian  ducts,  the  periphery  of  these 
bulbs  being  formed  from  the  more  active  cells,  the  central  of 
cells  of  a  more  squamous  type.  The  cells  are,  in  fact,  the  same 
as  those  of  the  adult  vagina. 

3.  By  the  proliferation  and  spread  of  these  cells  the  Miillerian 
vagina  has  its  lumen  blocked,  the  f  omices  and  vaginal  portion  of 
the  cervix  mapped  out. 

4-  The  Wolffian  bulbs  coalesce,  break  down  in  the  centre,  and 
as  the  Wolffian  cells  in  the  centre  of  the  Miillerian  vagina  do  the 
same,  we  get  the  normal  vaginal  lumen  formed. 

5.  The  hymeneal  opening  is  brought  about  by  the  epithelial 
involution  from  below  meeting  the  distending  bulbs  above. 

6.  The  ducts  of  Miiller  determine  the  site  of  the  vagina; 
the  Wolffian  ducts  supply  its  lining  and  develope  the  hymen 
{v,  also  5). 

The  bearing  of  these  views  on  Atresia  vaginae  is  as  follows : — 

1.  Atresia  vaginae  is  atresia  of  the  Miillerian  vagina,  but  the 
hymen,  being  Wolffian  in  origin,  is  present. 

2.  The  reason  a  hymen  is  always  present  in  the  fuUy-formed 
foetus  is  as  follows : — ^The  Wolffian  bulbs  form  the  hymen  and 
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obliterate  the  lower  ends  of  the  ducts  of  the  Wolflfian  bodies,  and 
as  these  are  the  temporary  kidneys  of  the  foetus,  they  must  of 
necessity  have  been  present  during  the  early  life  of  a  fully 
developed  foetus. 

3.  The  double  hymen  is  not  due  to  a  permanent  duplicity  of 
the  ducts  of  Miiller,  but  to  a  non-coalescence  of  the  Wolffian 
bulbs.  The  vertical  slit  of  the  hymen  is  due  to  the  apposition  of 
the  latter  Wolffian  bulbs. 

4.  In  imperforate  hymen  the  tissue  between  the  involution 
from  below  and  the  Wolffian  bulbs  has  not  been  perforated. 

The  real  essence  of  all  this  development  seems  to  be  as 
follows  : — In  the  fully-formed  genital  tract  we  have  the  lining 
of  the  uterus  developed  from  the  ducts  of  Miiller,  and  having  as 
its  great  function  pregnancy  and  menstruation.  Its  single 
epithelial  layer  and  delicate  connective  tissue  fit  it  for  these 
functions ;  but  for  the  pressure  of  parturition  which  the  vagina 
has  to  undergo,  we  need  a  multiple,  squamous,  in  fact,  skin- 
like structure,  such  as  is  supplied  from  an  epidermic  source. 
One  can  see  the  great  difference  in  the  mucous  membranes  of, 
say,  an  inverted  uterus  and  prolapsus  uteri.  In  the  one  we  have 
a  raw,  bleeding  surface,  quite  unfitted  for  friction;  in  the 
other  a  structure  that  soon  becomes  skin-like  and  horny.  To 
give  the  vagina  this  skin-like  structure  we  get  the  Mullerian 
lining  replaced  from  the  epiblastic  Wolffian  bulbs ;  these  at  the 
same  time  taking  a  part  in  the  formation  of  the  hymen,  as 
already  described. 
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DESCRIPTION  OF  PLATES  L-YL 

PL  L,  fig.  1. — ^T.  S.  of  seven  weeks'  foetus,  a  is  in  Wolffian  duet ; 
e  points  to  summit  of  bladder,     (f .} 

Fig.  2. — ^T.  S.  at  level  where  broad  ligaments  have  formed,  a  is 
ovary;  c  points  to  Wolffian  relics;  d  is  Wolffian  duct;  e,  duct  of 
Miiller.     In  both  figures  the  spinal  cord  lies  behind,     (f.) 

PL  IL,  fig.  3. — Shows  Wolffian  bulbs.  The  larger  one  shows  the 
epithelium  proliferating  into  the  Mnllerian  vagina ;  at  the  side  is  seen 
the  second  Wolffian  bulb  at  its  outer  aspect,  with  the  Wolffian  duct 
passing  into  it.  Wolffian  duct  has  5  in  its  lumen ;  a  is  larger  Wolffian 
bulb.     («fo.) 

Fig.  4. — Wolffian  duct  and  Mnllerian  vagina.  Miillerian  vagina,  a: 
Wolffian  duct,  b.    («f  o.) 

PL  III.,  fig.  5. — ^T.  S.  showing  genital  cord,  a  points  to  the  three 
canals  in  it ;  the  central  one  is  the  coalesced  Miillerian  ducts ;  the 
outer  are  the  Wolffian  ducts,  b  points  to  the  eminence  of  Mailer  in 
the  urino-genital  sinus.  It  is  at  the  eminence  of  Miiller  that  the 
hymen  forma     (f .) 

Fig.  6. — T.  S.  shows  genital  cord  as  in  fig.  5.  In  the  urino-genital 
sinos  the  openings  of  tiie  Wolffian  ducts  can  be  seen ;  a  points  to 
genital  cord ;  6  to  urino-genital  sinus.     (|.) 

PL  IV.,  fig.  7.— Sagittal  mesial  section  of  pelvis  of  tiiree  and  a  half 
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months'  female  f ostus,  showing  development  of  hymen  and  formation  of 
prepuce  of  clitoris,  e  is  epidermis  passing  to  map  out  glans ;  a  is  on 
Wolffian  bulb,  which  is  breaking  down  centrally ;  and  h  is  involution 
from  urino-genital  sinus  to  meet  distending  Wolffian  bulbs  and  make 
hymeneal  opening,     (f .) 

Fig.  8. — Coronal  section  of  four  and  a  half  months'  foBtus  to  show 
passing  of  epidermis  to  form  prepuce,  h^  glans  clitoridis ;  a  points  to 
active  layer  of  epidermis,     (f .) 

PI.  v.,  fig.  9. — Coronal  section  of  pubic  arch  of  four  and  a  half 
months'  fcdtus  between  the  layers  of  triangular  ligament,  a  is  lower 
end  of  urino-genital  sinus ;  c  is  at  upper  end ;  h  is  the  lateral  half  of 
the  hymen  developed  from  one  of  the  Wolffian  bulbs ;  the  section  has 
missed  the  other  half,  but  one  can  see  the  spur  representing  the 
posterior  column  of  the  vagina ;  (i  is  on  Bartholinian  gland,     (f .) 

Fig.  10. — ^T.  S.  six  weeks'  foetus  (Stiles),  shows  early  clitoris  and 
urino-genital  sinus,  a,  h,     (f .) 

PI.  VL,  fig.  11. — T.  S.  seven  weeks'  foBtus  showing  cloaca.  Bectum, 
b  'y  urino-genital  sinus,  a.    (f .) 

Fig.  12. — Vertical  mesial  section  of  three  and  a  half  months'  foetus. 
Wolffian  bulbs,  a  6 ;  c  is  Miillerian  vagina,  with  epithelial  prolifera- 
tion in  it,  and  posterior  fornix  mapped  out.     Rectum,  d]  symphysis,  e. 


A  NOTE  UPON  THE  VIBRATIONAL  RATE  OF  THE 
MEMBRANES  OF  RECORDING  TAMBOURS.  By 
Dayid  Frassb  Habbis,  B.Sc.  (LondX  MJB.,  CJl,  F,RS.K 

(From  the  Fhyaiological  Laboratory,  UiiiTersity  of  Glaigow.) 

Seeing  that  certain  observers  believe  that  the  inertia  at  the  lever 
and  india-rubber  covering  of  recording  tambours  (f^.,  Marey's) 
is  a  sonrce  of  error  in  tracings  with  these  instmments,  and 
seeing  that  these  tambours  have  been  widely  used  for  graphic 
representations  of  movements  of  veiy  different  vibratioiial  rates, 
I  thought  it  well  to  attempt  to  estimate  the  period  of  oscillation 
of  lever  and  membrane  after  mechanical  i^tation.  I  took  an 
ordinary  Marey's  circular  recording  tambour  (4*5  cm.  diam.) 
covered  with  thin  sheet  india-rubber,  stretched  to  medium 
extent,  and  carrying  a  light  straw  lever,  12  cm.  in  length,  fur- 
nished with  the  usual  short  quill  writing-style.  The  tambour 
was  mounted  on  a  heavy  brass  stand,  and  its  quill  touched  tiie 
smoked  paper  of  a  drum  rotating  at  the  rate  of  14  cm.  per  5*. 
The  drum  having  attained  full  speed,  I  struck  the  table  (a  large, 
heavy  one,  screwed  to  the  floor)  with  a  violent  blow  of  the  plgnrhp^j 
fist,  in  order  to  set  up  free  oscillations  of  lever  and  india-rubber, 
according  to  their  own  proper  period  dependent  on  their  inertia. 
Only  the  amplitude  of  the  osdllations,  not  their  rate,  was  alterod 
with  varying  degrees  of  energy  of  blow.  The  blows  were  given 
at  intervals,  on  an  average,  of  -S",  the  amplitude  of  the  initial 
excursion  of  the  lever  varying  from  4  mm.  tol'5  mm  jyiyn^jng  to 
the  violence  of  the  blow. 

The  period  or  vibrational-rate  appeared  by  this  method  to  be, 
on  an  average,  56  per  1" ;  the  tracings  showing  10  vibrations 
per  5  mm.  of  paper  with  striking  uniformity  in  a  laige  number 
of  triala 

[Speed  was  14  cm.  per  5" 

.".  per  l-^cm.; 
5 

now  in  5  mm.  there  were  10  oscillations 
.'.  in  1  cm.       .        .         20  .. 
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.     14  20x14        .„  4.. 

.-.  in  :^cm.     .  -^-^ —  oscillations, 

5  5 

or  56  per  second] 

The  oscillation  usually  gave  a  visible  tracing  for  only  •25'', 
the  amplitude  rapidly  dying  away  after  3  or  4  oscillations.  In 
other  words,  the  inertia  of  the  india-rubber  membrane  of  a  4'5  cm. 
diam.  Marey's  tambour  expresses  itself  in  an  oscillation  having 
a  rate  of  between  50  and  60  per  second,  being  in  this  case 
elicited  by  mechanical  agitation  of  considerable  energy. 

I  venture  to  think,  therefore,  that  this  alleged  source  of 
mechanical  error  can  constitute  an  element  of  fallacy  only  in 
tracings  of  such  movements  as  have  a  period  somewhere  between 
50  and  60  per  second. 

Provided  that  a  time-tracing  be  simultaneously  taken,  the 
rate  of  the  main  series  and  of  superimposed  wavelets  could 
always  be  estimated.  Without  doubt  each  tambour  has  a 
different  period  from  every  other,  dependent  upon  the  extent, 
the  thickness,  and  the  tension  of  its  membrane,  and  upon  the 
weight  and  length  of  its  lever. 

Thvia,  in  any  investigation  making  use  of  such  instruments, 
and  especially  when,  in  interpreting  the  curves,  stress  wiQ  be 
laid  upon  any  small  waves  (rapid  vibrations),  or  upon  small 
waves  superimposed  upon  larger  (slower)  ones,  it  would  be 
necessary  to  determine,  in  some  such  fashion  as  the  above,  the 
"  proper  period "  of  the  apparatus.  According  to  my  observa- 
tions, the  instrumental  oscillations,  even  when  set  up  by  con- 
siderable violence,  tend  to  cease  (or  become  so  small  as  to  give 
no  tracing)  in  the  comparatively  short  time  of  •25''.  Professor 
Haycraft  seems  to  have  elicited  vibrations  of  a  cardiograph  by 
surprisingly  gentle  pressures — light  taps  of  the  finger  upon  the 
membrane.  From  the  above  observations  I  would  scarcely  have 
expected  such  slight  agitation  to  have  set  up  the  "  proper  period  " 
oscillations  described  by  Haycraft  with  such  care.^  The  upper 
tracing  he  gives  on  p.  457  closely  resembles  several  I  obtained, 
and  had  it  happened  to  be  accompanied  by  a  simultaneous  time- 
tracing  this  note  would  be  superfluous. 

1  «  The  Movements  of  the  Heart  within  the  Chest  and  the  Cardiogram,"  Jour. 
qfPhysioLt  vol.  xii.,  1891. 


SIXTH  ANNUAL  EEPORT  OF  THE  COMMITTEE  OF 
COLLECTIVE  INVESTIGATION  OF  THE  ANATOMI- 
CAL SOCIETY  OF  GREAT  BRITAIN  AND  IRELAND. 
1895-96.^      Reported  by   F.   G.  Pabsons  and   Abthlb 

KSTTH. 

The  following  qaestionfl  were  issued  by  the  Committee  of  Col- 
lective Investigation  in  January  1895 : — 

1.  The  eighth  costal  cartilage : 

(a)  The  distance  in  millimetres  at  which  its  extremity  is 

placed  from  the  margin  of  the  stemom. 

(b)  The  condition  of  the  first  Imnbar  vertebra  in  regard 

to  its  rib-element  in  those  cases  in  which  the  ei^th 
costal  cartilage  articulates  with  the  sternum. 

(KB. — ^The  side  on  which  the  observation  is 
made  and  the  sex  of  the  subject  to  be  in  every  case 
indicated) 

2.  The  relation  of  the  great  sciatic  nerve  to  the  pyriformis 
muscle. 

3.  The  mode  of  termination  of  the  internal  plantar  artery. 

4.  The  arrangement  and  number  (if  possible)  of  the  lymj^tic 
glands  accompanying  the  common,  external,  and  internal  iliac 
arteries. 

5.  The  mode  of  origin  of  the  branches  of  the  internal  iliac 
artery. 

The  Sixth  Annual  Report  shows  a  marked  falling  off  in  the 
number  of  observations  from  those  that  have  preceded  it  The 
Committee  is  disposed,  however,  to  look  upon  this  as  due,  not  so 
much  to  indifference  on  the  part  of  observers,  as  to  the  fact  that 
the  questions  were  not  sent  out  until  after  the  middle  of  the 
winter  session  of  1894-95.  In  spite  of  the  small  amount  of 
statistics,  it  has  been  thought  advisable  to  publish  a  report  as 
usual,  in  order  that  the  custom  should  not  fall  into  abeyance ; 
but  it  should  be  borne  in  mind  by  any  one  inclined  to  criticise 

^  The  Fifth  Beport  wUl  be  foand  on  p.  86  of  the  Journal  </  Anatomy,  voL  ttit. 
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this  report,  that  ite  deductions  are  derived  from  an  admittedly 
small  amount  of  material,  and  are  not  intended  to  be  final. 

QUESTIOK  I. 
The  eighth  costal  cartilage : 
(a)  The  distance   in  millimetres  at  which   its   extremity   is 

placed  from  the  mai^in  of  the  sternum. 
(6)  The  condition  of  the  first  lumbar  vertebra  in  r^ard  to  its 
rib-element  in  those  cases  in  which  the  eighth  costal 
cartili^e  articulates  with  the  sternum. 

(N.B. — The  side  on  which  the  observation  is  made  and 
the  sex  of  the  subject  to  be  in  every  case  indicated.) 
Reports  on  thia  question  have  been  received  from  tho  following 
gentlemen : — 

A.  Low,  Aberdeen  University ;  Q.  Farmer,  Oxford  ITniveraity ;  A, 
Keith,  London  Hospital ;  M.  Cameron,  London  Hospital ;  R.  W.  C. 
Fierce  and  H.  E.  Hewitt,  St  Thomas's  Hospital. 

Altogether  reports  have  been  received  of  63  adult  males,  31  adult 
femaiea,  and  12  children. 


The  Committee  desires  to  express  its  indebtedness  to  Mr  M.  Cameron 
for  his  valuable  series  of  statistics  from  tho  post-mortem  room  of  the 
London  Hospital,  and  to  hope  that,  in  future  investigations,  other 
gentlemen  may  follow  his  example. 

In  the  following  table  the  distance  of  the  end  of  the  eighth  carti- 
lage from  the  sternum  has  been  divided  into  eight  compartments,  each 
of  which  represents  two  centimetres  except  the  first,  in  which  are 
placed  those  cases  where  the  eighth  cartilage  articulated  with  tho 
atornum.  The  twelve  children  below  17  years  of  age  have  been 
omitted  from  this  table,  because  their  measurements  would  necessarily 
prove  misleading.  The  accompanying  diagram  (fig.  1)  will  show  at  a 
glance  the  method  of  tabulation. 
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Table  I. — Distance  of  the  Eighth  Costal  Cartilage  from  the  Sternum.^ 

0  2  4  6  8  10  12  14 

-63 

-63 


6 
or  9-6% 

0 

12 

or  19% 

6 
or  9-6% 

24 
or  88% 

12 

or  19% 

8 

or  5% 

0 

7 

or  11% 

2 

or  8% 

8 
or  18% 

11 
or  17% 

23 
or  87% 

9 

or  14% 

8 

or  6% 

0 

0 

0 

or  18% 

10 
or  82% 

15 
or48-6% 

2 

or  6-5% 

0 

0 

2 

or  8-6% 

0 

2 

or  6-5% 

9 
or  29% 

18 
or  68% 

0 

0 

0 

-81 
-31 


Two  cases  were  recorded  in  which  the  seventh  cartilage  failed  to 
quite  reach  the  sternum.  Besides  the  results  recorded  in  the  fore< 
going  table,  it  must  be  remembered  that  twelve  children  were  examined, 
in  one  of  which  the  right  eighth  cartilage  joined  the  sternum :  it  will 
thus  be  seen  that  out  of  106  bodies  the  eighth  cartilage  articulated 
with  the  sternum  six  times  (5*7  per  cent)  on  the  left  side,  and  ten 
times  (9*5  per  cent.)  on  the  right. 

The  child  in  which  the  articulating  right  cartilage  was  found  was  a 
new-bom  male,  and  four  other  male  children  under  17  were  examined 
in  which  the  cartilage  did  not  reach  the  sternum :  these,  added  to  the 
cases  recorded  in  the  table,  show  that  in  68  male  bodies  of  children 
and  adults  the  eighth  rib  joined  the  sternum  six  times  on  the  left  side, 
and  eight  times  on  the  right. 

Five  female  children  under  17  years  were  examined  in  addition  to 
the  31  adult  females  already  recorded :  in  these  36  female  bodies  the 
eighth  cartilage  was  not  seen  to  articulate  with  the  sternum  once  on 
the  left  side,  and  only  in  two  cases  on  the  right 

Expressed  as  percentages,  the  results  are  as  follows : — ^The  eighth 
costal  cartilage  articulated  with  the  sternum  in  8*8  per  cent  of  male 
cases  on  the  left  side,  and  in  11*8  per  cent,  on  the  right  In  females 
it  articulated  in  0  per  cent  on  the  left  side,  and  in  5*5  per  cent,  on 
the  right. 

The  average  distance  of  the  eighth  cartilage  from  the  sternum  will 
be  best  appreciated  if  the  percentages  are  arranged  in  the  form  of 
diagrams.  In  these  the  distances  in  centimetres  are  placed  at  the 
bottom  of  the  chart,  while  the  percentages  are  at  the  side. 

In  comparing  these  four  tables  it  will  be  noticed  that  those  of 
opposite  sides  are  very  much  alike,  though  in  both  sexes  it  is  evident 
that  the  cartilage  approaches  nearer  to  the  sternum  on  the  right  side 
than  on  the  left  It  will  also  be  noticed  that  in  the  female  tables  there 
is  a  very  long  line  between  6  and  8  centimetres,  and  little  or  nothing 
beyond;  while  in  the  male  some  25  per  cent  of  the  total  cases  are 
between  8  and  12  centimetres.  This  difference  is  to  be  expected 
when  one  remembers  the  greater  size  of  the  male  thorax. 

VOL,  XXXI.  (N.S.  vol.  XL)  C 
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Table  II. — AduU  Males. 
Left. 

Per  cent 
50 

46 

40 

86 

80 

26 

20 

15 

10 
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TABJiB  IIL — Adult  Males. 
Right. 
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0       2       4       6       8     10     12 


Tablb  lY.—AduU  Females. 
L^t. 


Per  cent. 
80 

66 

60 

46 

40 
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80 

25 

20 

16 

10 
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Table  V. — AdvU  Females. 
Bight. 


t  r 


0      2      4       6       8      10     12 


•  i 


0      2       4       8       8      10    12 


ANAIQIOCAL  dOCIHT  OF  OBXiT  BMMXAIS  ASD  ITOJiXP         ^i> 


The  greater  nnerenness  of  tlie  fenuJe  taUes  is  pnlnifeslj  dae  ii>> 
their  having  been  founded  oa  a  much  smalkr  nimber  of  caas  tbja 
the  nude  ones. 

The  children's  measurements  have  not  beoi  tab;:latcd,  becMse  ihej 
are  of  all  ages  from  Inrth  to  17  year& 

With  r^ud  to  the  condition  of  the  rib-ekmenl  o€  fte  £rs4  Iiinbir 
vertebra  the  resolt  of  the  investigadoa  is  n^^tire.  In  c.^^^e  "^f  th« 
cases  in  which  the  eigh&  rib  joined  the  steninm  vas  anv  pe«r£lijciiT 
noticed  in  the  yertebrse,  thoa^  we  do  not  feel  s^sre,  fio=i  the  miseii^ 
at  our  disposal,  that  in  evexj  case  irregnlanties  vae  caiefuEj  icw^ed 
for. 

QuBsnos  IL 

The  relation  of  the  great  sciatic  nerve  to  the  pyrifonnis 
muscle. 

Returns  in  answer  to  this  question  have  been  received  hom  the 

following  gentlemen : — 

A.  LfOW,  Aberdeen  University;  E.  IL  Fraser,  E-iinbur^  Uni- 
versity ;  A  Keith,  London  Uospital ;  K.  W.  C  Pierce  and 
H.  R  Hewitt,  St  Thomas's  Hospital 

For  the  purposes  of  classiGcation  the  returns  have  hem  divided  into 
the  following  three  groups : — 

Group  A  (fig.  A)  has  the  whole  nerve  emer^:ing  from  the  pelvis 
below  the  pyriformis. 

Group  B^  (fig.  £)  has  the  nerve  in  two  trunks,  one  of  which  (the 
external  popliteal)  pierces  the  pyriformis. 

Group  C  (fig.  C)  consists  of  those  cases  in  which  the  whole  nerve 
pierces  the  pyriformis. 


The  total  number  of  bodies  examined  was  69,  which  gives  records 
of  138  observations.     These  are  grouped  in  the  following  manner : — 


A- 

118 
85  percent. 


B. 

17 
12*3  per  cent. 


C. 

3 

2-2  per  cent 


=  138. 


^  The  external  popliteal  nerve,  after  perforating  the  pyriformis,  may  or  may 
not  receive  a  communication  from  the  internal  popliteal.  The  statistics  at  onr 
diap«nl  do  not  allow  aa  to  tabulate  this  deviation. 
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The  following  table  shows  the  e£fect  of  the  side  on  this  small 
number  of  observations : — 

A«  B«  C. 

L.  58  9  2  =69. 

84  per  cent,  13  per  cent.         8  per  cent. 

B.  60  8  1  =69. 

87  per  cent.  11*6  per  cent.       1*5  per  cent. 

In  only  56  of  these  69  bodies  was  the  sex  recorded,  though,  in 

justice  to  the  observers,  it  should  be  noticed  that  neither  side  nor 

sex  were  asked  for  in  the  question.     Of  these  56  bodies  38  were 

males  and  18  females.    The  results,  arranged  in  tabular  form,  are  as 

follows : — 

A.  B.  C. 

J.  84  8  1  =38. 

(89*5  per  cent)    (7*9  per  cent)  (2*6  per  cent) 

t  85  3  0  =38. 

(92*1  per  cent)    (7*9  per  cent) 

I.  12  5  1  =18. 

(66*7  per  cent)    (27*8  per  cent)  (5*5  per  cent) 

U  16  2  0  =18 

(88*9  per  cent)    (11*1  per  cent) 

The  Committee  is  of  opinion  that  these  statistics  are  too  few  to 
found  any  definite  conclusion  upon. 

Question  III. 

The  mode  of  termination  of  the  internal  plantar  artery. 

To  this  question  returns  of  only  28  observations  were  received. 
This  number  the  Committee  regards  as  too  small  to  make  any 
report  upon. 

Question  IV. 

The  arrangement  and  number  (it  possible)  of  the  lymphatic 
glands  accompanying  the  common,  external,  and  internal  iliac 
arteries. 

Only  three  returns  were  received  to  this  question.  They  were 
furnished  by  E.  H.  Fraser,  Edinburgh  University ;  F.  Barnes,  Mason 
College,  Birmingham ;  and  A.  Keith,  London  Hospital. 

These  returns  give  a  total  of  only  33  cases,  and  these  are  not  alto- 
gether satisfactory.  The  Committee  only  feels  justified  in  publishing 
a  diagram  which  includes  all  the  glands  that  have  been  recorded,  and 
in  giving  provisional  names  to  the  chief  groups,  in  the  hope  that  at 
some  future  investigation  the  question  may  be  set  again,  and  that  the 
recorders  may  have  a  common  standpoint  to  observe  from. 

The  deep  epigastric  gland  seems  a  most  constant  one,  and  receives 
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the  Ijmphatica  aoctHnpanying  the  deep  epigaatric  artery.  The  Buprs- 
cnml  ^BJid  is  small,  fast  appears  to  be  usually  present :  whether  it 
is  the  same  gland  that  is  described  as  occupying  the  crural  canal  must 
be  determined  at  a  future  time;  it  eeems  to  collect  most  of  the 
lymphatics  returning  from  the  femoral  glands.  The  other  glands  ore 
arranged  in  groups,  but  seem  to  decrease  in  number  with  advancii^ 
yean.     Whether  sex  causes  any  variation  in  them  we  are  unable  to 


_,  _.    _, ^ .,  .      non  iliio  glw 

d,  anterior  iutern&l  iluo  gl&ndt.    «,  potterior  intenul  UIm  gUuds.    /,  detp 
epigutrio  gland,     g,  8apTa.onual  gland,    k,  obturator  gland. 

say.  In  any  future  investigation  it  will  be  most  important  that  the 
side,  sez,  and  age  of  each  obeervation  should  be  reconled,  and  it  will 
greatly  asdst  the  compilers  if  an  accurate  diagram  is  miide  of  each 
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Question  V. 

The  mode  of  origin  of  the  branches  of  the  internal  iliac 
artery. 

Reports  on  this  question  were  received  from  the  following  gentle- 
men:— 

A.  Low,  Aberdeen  University;  K  H.  Fraser,  Edinburgh  Uni- 
versity; G.  Farmer,  Oxford  University;  F.  Barnes,  Mason  College, 
Birmingham ;  and  A.  Keith,  London  Hospital. 

In  issuing  a  synopsis  of  the  returns  to  this  question  the  Committee 
wishes  to  state  that  there  are  many  reasons  for  regarding  the  results 
as  purely  tentative.  In  the  first  place,  the  observations  are  very  few ; 
in  the  second,  they  have  been  made  sometimes  on  one  side  of  the 
body  only,  sometimes  on  both ;  in  the  third  place,  in  a  structure  so 
complicated  as  the  internal  iliac  artery  there  is  much  room  for  error 
iu  the  addition  of  the  observations  of  many  observers ;  and,  in  the 
fourth  place,  the  variety  in  the  division  of  this  artery  is  so  infinite 
that  a  proper  classification,  to  fit  in  with  the  ordinary  descriptions  of 
text-books,  is  very  difficult.  Jastschinski  ^  has  felt  the  difficulty  of 
classifying  the  forms  of  ramification  when  the  intnnal  iliac  artery  is 
regarded  as  ending  in  an  anterior  and  posterior  division,  and  has 
avoided  the  difliculty  by  studying  first  the  various  forms  found  in  the 
newly-born  child,  and  by  then  referring  the  forms  found  in  the  adult 
to  these. 

Before  proceeding  to  study  the  following  table,  some  explanation  of 
the  mode  of  classification  wUl  be  necessary. 

In  the  first  place,  we  are  glad  to  say  that  almost  all  the  returns  were 
forwarded  to  us  in  the  shape  of  diagrams,  and  we  are  therefore  sure 
that  a  uniform  method  of  classification  has  been  adopted.  The 
first  column  records  the  side  of  the  observation  in  all  those  cases  in 
which  it  has  been  stated ;  when  the  B  and  L  sides  are  joined  by 
brackets,  it  means  that  these  are  observations  on  the  two  sides  of  the 
same  body.  The  second  column  records  the  origin  of  the  hypogastric 
trunk,  a  term  we  have  found  it  necessary  to  apply  to  the  common 
vessel  so  frequently  present,  from  which  the  vesical,  and  often  the 
hsemorrhoidal,  uterine,  and  obturator  arteries  arise.  As  a  rule,  this 
trunk  comes  from  the  anterior  division ;  but  when  the  internal  iliac 
divides  low  down,  the  hypogastric  is,  of  course,  a  branch  of  the  main 
trunk.  In  certain  cases  the  vesical  and  hsemorrhoidal  arteries  come 
off  separately,  and  in  those  cases  no  hypogastric  trunk  exists. 

We  have  in  all  cases  determined  the  commencement  of  the  anterior 
and  posterior  divisions  of  the  internal  iliac  as  the  place  where  the 
trunk  containing  the  internal  pudic  leaves  that  containing  the  gluteal ; 
hence  the  pudic  is  always  a  branch  of  the  anterior  division,  and  the 
gluteal  of  the  posterior.  The  sciatic  may  be  a  branch  of  either 
division,  or,  as  in  one  of  our  cases,  may  come  off  the  internal  iliac 

*  "  Die  typischen  Verzweigungsformen  der  Arteria  Hypogastrica,"  Month. 
Intemat.  Joiim,  o/Anat.  mid  Phys,,  1891,  Bd,  Tiii.  pp.  111-126. 
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between  the  two  divisions.  In  those  cases  in  which  two  arteiies, 
nearly  equal  in  size,  come  ofi  by  a  common  trunk,  we  have  indicated 
the  fact  by  putting  the  second  lurteiy  with  a  +  sign  in  front  of  it 

In  order  to  render  our  meaning  more  clear,  we  give  diagrams  of 
two  internal  iliacs,  in  one  of  which  the  division  into  anterior  and 
posterior  trunks  is  high,  in  the  other  low. 

In  fig.  4  there  is  no  hypogastric  trunk,  as  the  arteries  which  uBually 
compose  it  spring  separately  from  the  anterior  division. 

In  fig.  5  the  hypogastric  trunk  is  a  branch  of  the  internal  iliac  before 
its  division. 


It      >. 


Fio.  4. 


Fio.  6. 


Hjfpogastric  trunk. — ^There  are  records  of  56  observations  of  this 
vessel.  In  37  (66  per  cent.)  it  was  a  branch  of  the  anterior  division ; 
in  13  (23*3  per  cent)  no  trunk  was  present ;  while  in  the  remaining  6 
(10*7  per  ceirt.)  it  came  from  ttie  internal  iliac  before  its  division  into 
two. 

Iliolumbar ^ — 57  observations  are  recorded.  In  35  (61*4  per  cent) 
it  rose  entirely  from  the  internal  iliac :  in  one  of  these  cases  the  artery 
was  double;  in  17  (29*8  per  cent)  it  rose  directly  from  the  posterior 
division ;  in  2  cases  it  rose  from  the  posterior  division  in  common 
with  the  lateral  sacraL  In  2  cases,  besides  the  one  already  recorded, 
the  artery  was  double :  in  the  first  of  these  one  twig  rose  from  the 
posterior  division,  and  the  other  from  the  sciatic ;  in  the  second,  the 
upper  twig  came  from  the  internal  iliac,  and  the  lower  from  the 
posterior  division.  In  one  case  the  ilio-lumbar  was  a  branch  of  the 
obturator,  itself  a  branch  of  the  internal  iliac. 

Lateral  saerdl. — 53  observations.  In  27  (50*9  per  cent)  the  two 
arteries  of  one  side  rose  by  a  common  trunk ;  in  25  (47*2  per  cent) 
there  were  two  distinct  arteries  on  one  side,  while  in  one  case  three 
arteries  were  present  Of  the  27  cases  in  which  the  single  trunk  was 
present,  it  came  from  the  posterior  division  in  25  (92*6  per  cent), 
and  from  the  internal  iliac  in  2  (7*4  per  cent).    Of  the  25  cases  in 
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which  ihere  were  two  arteries,  they  both  came  from  the  posterior 
division  17  times  (€8  per  cent),  both  from  the  internal  iliac  once  (4 
per  cent.),  while  in  the  remaining  7  instances  they  rose  horn  different 
parts^  the  upper  one  usually  coming  from  the  internal  iliac,  the  lower 
from  the  posterior  division.  In  9  cases,  as  has  already  been  recorded, 
one  or  both  the  lateral  sacrals  came  off  in  common  with  the  ilio- 
lumbar. 

The  Gluteal  artery,  according  to  our  method  of  classification,  must 
always  be  the  terminal  branch  of  the  posterior  division. 

The  Sciatic  artery,  as  Jastschinski  has  pointed  out,  may  be  a  branch 
of  the  anterior  or  posterior  division,  or  may  come  off  from  the  internal 
iliac  between  these  divisions.  We  have  56  observations  of  it :  in  42 
of  these  (75  per  cent)  it  rose  from  the  anterior  division ;  in  12  (21*4 
per  cent.),  from  the  posterior  division ;  while  in  only  one  case  (1*8  per 
cent.)  did  it  come  off  from  the  internal  iliac.  Occasionally  (3  cases) 
tile  artery  is  double,  and  in  one  of  these  one  branch  came  from  the 
anterior,  and  the  other  from  the  posterior  division ;  this  case  we  have, 
therefore,  not  included  in  either  category. 

The  Internal  Pudic  is  necessarily  always  a  branch  of  the  anterior 
division.  It  is  remarkable  that  no  cases  of  accessory  pudics  have  been 
recorded  in  our  returns. 

Middle  Huemarrhoidai, — 45  observations.  In  15  cases  (33*3  per 
cent.)  it  rose  by  itself  from  the  anterior  division ;  in  10  (22*2  per  cent.) 
it  came  off  separately  from  the  hypogastric  trunk;  in  6  (13*3  per 
cent)  it  had  a  common  origin  with  the  pudic ;  in  4  (8*9  per  cent.)  it 
rose  in  common  with  the  obturator ;  in  2  cases  (4*4  per  cent.),  in  com- 
mon with  the  sciatic  (in  1  of  these  the  sciatic  was  a  branch  of  the 
posterior  division) ;  in  2  cases,  in  common  with  the  inferior  vesical ; 
in  2  with  the  uterine,  and  in  1  with  the  superior  vesicaL  In  2  cases 
it  rose  by  itself  from  the  posterior  division,  and  in  1  case  there  were 
2  middle  hae^morrhoidal  arteries,  1  comiug  from  the  anterior  division, 
the  otiier  from  the  posterior  division  in  common  with  the  lateral 
sacraL 

Inferior  Vesical. — 58  observatious.  In  40  cases  (68*9  per  cent.)  it 
rose  as  a  separate  vessel  from  the  hypogastric  trunk ;  in  13  (22*4  per 
cent)  as  a  separate  vessel  from  the  anterior  division ;  in  2  (3*5  per 
cent.)  as  a  separate  vessel  from  the  internal  iliac.  In  3  cases  (5*2 
per  cent.)  the  vessel  rose  in  common  with  others,  twice  with  the 
middle  hsmorrhoidal,  and  once  with  the  superior  vesical:  in  the  2 
former  cases,  however,  there  were  2  inferior  vesical  arteries,  1  of 
which  came  directly  from  the  hypogastric  trunk. 

Superior  Vesical. — 58  observations.  In  44  cases  (75*9  per  cent.)  it 
rose  from  the  hypogastric  trunk :  in  2  of  these  cases  the  artery  was 
double ;  in  9  cases  (15*5  per  cent.)  it  came  from  the  anterior  division, 
in  1  of  these  the  artery  was  double ;  in  4  cases  (7  per  cent)  it  came 
from  the  internal  iliac ;  and  in  1  case,  in  common  with  the  middle 
LsBmorrhoidal,  from  the  hypogastric  trunk. 

Obturator,''^B6  observations.  In  20  cases  (36*4  per  cent)  it  rose  as  a 
separate  trunk  from  the  anterior  division ;  in  10  (18'1  per  cent)  from 
the  deep  epigastric ;  in  9  (16*4  per  cent.)  separately  from  the  hypo- 
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gastric  trunk ;  in  8  (14*5  per  cent.)  from  the  posterior  division ;  in  5 
(9*1  per  cent.)  from  the  internal  iliac  before  its  division;  while  in  3 
cases  (5*4  per  cent.)  it  rose  in  common  with  the  middle  hemorrhoidal, 
2  of  these  coming  from  the  anterior  division,  and  1  from  the  hypo- 
gastric trunk.  In  connection  with  the  origin  of  the  obturator  from 
the  deep  epigastric,  we  find  that  out  of  138  subjects  examined  at  Guy's 
Hospitad  ^  the  obturator  was  only  seen  to  rise  from  the  deep  epigastric 
11  times  (8  per  cent) ;  while  in  Quain's  AnaJtomy^  it  is  stated  that 
this  origin  is  found  in  nearly  30  per  cent.  The  percentage  which 
this  investigation  gives  (18*1  per  cent.)  is  nearly  midway  between 
these,  but  it  is  evident  that  further  observation  is  necessary. 

Uterine, — 18  observations.  In  9  cases  (50  per  cent.)  the  artery  rose 
from  the  hypogastric  trunk  as  a  single  separate  vessel ;  in  3  (16*9  per 
cent.)  it  was  a  separate  branch  of  the  anterior  division;  in  3  (16*9 
per  cent.)  it  came  off  with  the  inferior  vesical  from  the  hypogastric 
trunk ;  in  1  case  it  rose  in  common  with  the  middle  haBmoirhoidal  from 
the  anterior  division.  In  2  cases  there  were  2  uterine  arteries  %  in  the 
first  of  these  1  arose  from  the  hypogastric  trunk,  and  the  other  from 

the  anterior  division;  in  the 
second,  1  rose  with  the  inferior 
vesical,  and  the  other  with  the 
middle  haBmorrhoidaL 

/J!      According  to  this  investigation 
the  following  description  of  the 
origin  of  the  branches  of  the  in- 
ternal iliac  would  be  most  likely 
to  be  accurate.    The  ilio-lumbur 
is  a  branch  of  the  internal  iliac 
before  its  division  into  two  trunks. 
The   hypogastric    trunk   is   a 
branch  of  the  anterior  division, 
and  breaks  up  into  superior  vesi- 
cal, inferior  vesical,  and  uterine. 
The  middle  hsemorrhoidal  is  a 
separate  branch  of  the  anterior 
division.     The  obturator  is  the 
^^^*  ®'  same. 

The  sciatic  and  internal  pudic  are  the  terminal  branches  of  the 
anterior  division. 

The  lateral  sacrals  are  two  on  each  side :  they  rise  from  the  posterior 
division,  and  are  as  likely  to  come  off  by  a  single  common  trunk  as 
by  two  separate  vessels. 

The  gluteal  is  the  terminal  branch  of  the  posterior  division. 
We  add  a  figure  of  an  internal  iliac  artery  which  this  investigation 
makes  us  regard  as  typical. 

1  ChMfB  HoapUal  Beports,  1871,  vol.  xvi.  p.  186. 
'  10th  edition,  vol.  ii.  part  ii.-*  p.  476. 
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SOME  POINTS  IN  THE  ANATOMY  OF  THE  DORSUM 
OF  THE  HAND,  WITH  SPECIAL  REFERENCE  TO 
THE  MORPHOLOGY  OF  THE  EXTENSOR  BREVIS 
DIGITORUM  MANUS.  By  E  Babclay  Smith,  M.A., 
M.D.,  Demonstrator  of  Anatomy  in  the  UniversUy  of 
Cambridge. 

CoNSiDSSABLE  ingenuity  and  much  labour  have  been  expended 
in  order  to  determine  what  is  to  be  regarded  as  the  primitive 
arrangement  of  the  muscles  of  the  forearm  and  hand,  to  trace 
the  successive  modifications  which  the  individual  muscles  in  this 
r^on  have  undergone  whereby  the  eventual  disposition  in  man 
has  been  attained,  and  to  identify  the  homologous  counterparts 
of  these  muscles  in  the  lower  limb. 

In  the  lower  limb  a  short  digital  extensor  confined  to  the  foot 
is  normally  present ;  occasionally  a  muscle  makes  its  appearance 
in  the  upper  limb,  confined  to  the  hand,  and  presenting  a  re- 
markable analogy  as  far  as  its  anatomical  disposition  is  concerned 
with  the  extensor  brevis  digitonun  pedis. 

The  precise  significance  of  this  occasional  extensor  brevis 
digitorum  manus  is  a  matter  of  some  considerable  interest 

Macalister,  in  his  description  of  the  extensor  brev.  dig. 
pedis,  states  that ''  the  corresponding  muscle  in  the  upper  limb 
is  only  represented  by  rudimental  slips,  of  which  that  for  the 
ring  finger  is  most  frequently  present."  The  more  generally 
received  opinion,  however,  seems  to  be,  that  the  ext.  brev. 
dig.  pedis  is  represented  in  the  upper  limb  by  muscles  which 
are  normally  present,  viz.,  the  extensor  indicis,  with  the 
possible  addition  of  the  extensor  minimi  digiti  and  one  or  other 
of  the  thumb  extensors.  This  view  was  formulated  by  Meckel 
early  in  the  century,  and  Humphry  practically  comes  to  the 
same  conclusion  in  his  considerations  on  the  muscles  of 
vertebrate  animals.  If  we  are  to  regard  this  scheme  as  the 
correct  one,  then  the  occasional  ext  brev.  dig.  manus  cannot  be 
regarded  as  the  true  homologue  of  the  ext.  brev.  dig.  ped., 
close  though  the  simulation  may  be.    Brooks,^  founding  his 

'  studies  from  the  Museum  of  Zoology  in  UniversUy  College^  Dundee, 
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arguments  on  the  muscular  arremgements  in  Menobranchus, 
Hatteria,  and  Ornithorhynchus,  endeavours  to  prove  that  the 
extensor  sheet  in  the  forearm  undergoes  a  primary  delamination, 
resulting  in  the  formation  of  a  superficial  and  deep  extensor  of 
the  digits ;  that  the  deep  extensor  has  primitively  a  much  lower 
attachment  than  in  man ;  and  that  the  human  disposition  has 
been  attained  by  an  axial  migration  of  this  muscle  and  its 
segmentation  into  separate  slips.  He  considers  the  ext.  brev. 
dig.  manus,  when  it  makes  its  appearance  in  man,  to  be  the 
representative  of  the  metacarpal  heads  of  the  deep  extensor. 
In  other  words,  he  looks  upon  the  ext.  brev.  dig.  manus  as 
resulting  from  a  secondary  and  occasionally  persisting  delamin- 
ation  of  the  deep  extensor,  and  presumably,  therefore,  only  a 
partial  representative  of  the  ext.  brev.  dig.  pedis. 

It  is  obvious,  from  this  brief  recapitulation  of  current  opinion, 
that  the  ext.  brev.  dig.  manus  presents  us  with  a  difficult 
problem  to  solve,  both  as  regards  its  morphological  relationships 
to  the  general  musculature  of  the  forearm,  and  its  possible 
homologue  in  the  lower  limb. 

I  have  so  far  taken  it  for  granted  that  the  term  *  ext.  brev. 
dig.  manus'  refers  to  a  well-defined  and  easily  recognisable 
muscle.  But  cases  such  as  that  described  by  Wood  in  the 
Proceedings  of  the  Royal  Society,  where  the  term  is  obviously 
an  appropriate  one,  are  exceedingly  rare.  On  the  other  hand, 
muscular  slips  confined  to  the  dorsum  of  the  hand,  and  differenti- 
ated to  a  greater  or  less  degree  from  the  m.  interossei  dorscJes, 
are  exceedingly  common.  Are  we  to  regard  these  commonly 
occurring  slips  as  a  rudimentary  condition  of  the  fully  developed 
muscle,  as  described  by  Wood  ?  There  seems  to  be  no  general 
consensus  of  opinion.  Gruber  describes  them  as  accessory 
extensors.  Otto  describes  a  slip  connected  with  the  index 
finger  as  an  *  extensor  indids  anomalus.*  Brooks  warns  us  not 
to  mistake  the  ext.  brev.  dig.  manus  for  occasional  slips  of  the 
m.  inteross.  dora,  with  which  it  may  be  confounded ;  but  where 
the  line  of  demarcation  is  to  be  drawn,  it  is  difficult  to  see. 

Having  frequently  noticed  muscular  slips  which,  although 
contained  in  the  inter-metacarpal  spaces  in  the  back  of  the  hand, 
hsid  no  very  definite  connection  with  the  m.  inteross.  dors.,  I 
determined  to  investigate  them  carefully,  in  order  to  gain  some 
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approximate  idea  of  the  frequency  with  which  they  occur,  and 
if  poesible  to  gain  some  insight  into  their  precise  significance. 

With  this  object  in  view  I  have  carefully  examined  some 
fifty  handa  The  investigation  entailed  a  careful  dissection  of 
all  the  structures  on  the  dorsum  of  the  hand,  a  proper  appreci- 
ation of  which  has  led  me  to  the  conclusion  that  these  muscular 
slips  are  very  much  more  frequently  present  than  may  be 
generally  supposed, — ^to  such  an  extent  indeed,  that  they  must  be 
regarded  as  an  almost  normal  condition  in  man. 

It  is  important  to  recognise  the  following  strata  in  this 
region: — 

(1)  On  removing  the  subcutaneous  tissue  a  teniina-faseial 
layer ^  comprising  the  extensor  tendons  and  the  membranous  fascia 
in  which  tiie  tendons  are  embedded,  \b  exposed  to  view.  I  have 
thus  designated  this  stratum,  as  it  may  be  cut  through  trans- 
versely below  the  posterior  annular  ligament,  and  reflected  down- 
wards as  a  continuous  sheet.  Defined  in  this  manner,  the  fascial 
component  of  the  sheet  is  seen  to  clothe  the  tendons  on  their 
superficial  and  deep  aspects,  and  to  stretch  between  them  as  a 
membrane  whose  fibres  are  for  the  most  part  transversely  dis- 
posed Towards  the  digital  clefts  the  membranous  character  of 
the  fascia  becomes  lost,  and  is  replaced  by  the  loose  fatty  tissue 
occupying  the  intervals  between  the  knuckles. 

(2)  Beneath  the  tendino-fascial  layer,  between  it  and  the 
metacarpal  bones,  is  a  fascial  layer  which  may  be  easily  separated 
from  the  underlying  bones.  The  fibres  are  rather  loosely  woven, 
have  no  very  definite  arrangement,  and  together  form  a  some- 
what tenuous  though  distinct  sheet.  Traced  on  to  the  carpus,  the 
identity  of  tibis  layer  becomes  lost,  as  it  cannot  be  separated  from 
the  carpal  ligaments,  to  which  it  is  closely  adherent.  Towards 
the  distal  ends  of  the  inter-metacarpal  spaces  it  merges  into  the 
loose  fat  found  in  these  situations  {vide  supra).  This  fascial 
layer  is  passed  unnoticed  by  the  text-books ;  but  as  it  has  an 
important  bearing,  to  which  I  shall  presently  refer,  I  have 
thought  fit  to  distinguish  it  as  the  mpra-metacarpal  fascia. 

(3)  Stretching  between  adjoining  metacarpal  bones,  to 
which  it  is  closely  adherent,  is  the  interosseous  fasda.  The 
fibres  of  this  fascia  have  a  general  transverse  disposition; 
and  although  its  thickness  and  strength  vary  considerably  in 
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different  subjects,  yet  it  is  usually  well  marked  for  the  greater 
part  of  the  inter-metacarpal  space.  Towards  the  distal  end  of 
the  space  this  fascia  becomes  thin  and  indistinct,  finally  losing 
its  identity,  like  the  strata  supierficial  to  it,  in  the  fatty  pads 
occupying  the  intervals  between  the  knuckles,  and  clothing  the 
tendons  of  the  m.  inteross.  dors. 

The  dorsal  interosseous  (metacarpal)  vessels  lie  superficially 
to  the  interosseous  fascia,  deeply  to  the  supra-metacarpal  fascia ; 
in  fact,  the  plane  of  these  vessels  furnishes  a  useful  guide  to  dis- 
tinguish between  the  two  layers. 

The  m.  inteross.  dors,  are  usually  closely  adherent  to  the  deep 
aspect  of  the  interosseous  fascia,  from  which  they  may  be  said  to 
take  origin.  The  proximal  attachments  of  these  muscles  fre- 
quently invade  the  bases  of  the  metacarpal  bones. 

If  the  supra-metacarpal  fascia  is  detached  from  the  carpus,  and 
carefully  reflected  towards  the  fingers  so  as  to  expose  its  deep 
aspect,  it  is  frequently  found  that,  towards  the  distal  ends  of  the 
inter-metacarpal  spaces,  this  fascia  is  bound  down  by  small  fan- 
shaped  muscle  slips,  which  are  adherent  to  its  deep  surface,  and 
whose  converging  fibres  are  closely  associated  with  the  insertions 
of  the  m.  inteross.  dors. 

In  other  cases  slips  may  be  found  occupying  the  whole  length 
of  the  inter-metacarpal  space,  and  invading  the  base  of  the 
metacarpus  and  dorsal  aspect  of  the  carpus.  Such  slips  may  be 
distinguished  from  the  underlying  m.  inteross.  dors,  by  the 
interosseous  fascia  which  intervenes  between  them,  by  the 
direction  and  length  of  their  fibres,  and  by  the  fibres  having  no 
direct  attachment  to  the  sides  of  the  metacarpal  bones.  The 
direction  of  these  slips  usually  corresponds  to  the  long  axis  of 
the  inter-metacarpal  space,  but  they  are  frequently  obliquely 
disposed,  and  overlap  one  or  other  of  the  metacarpal  bones  to  a 
greater  or  less  extent.  Their  extensions  on  to  the  base  of  the 
metacarpus  and  to  the  carpus  are  usually  adherent  to  the  under- 
lying bones  and  ligaments  by  a  tendinous  expansion.  When 
two  or  more  such  slips  are  present,  the  tendinous  expansions 
which  constitute  their  proximal  attachments  are  inseparable  one 
from  the  other,  and  may  be  regarded  as  common. 

Between  these  two  sets  of  cases,  which  may  be  termed  the 
extremes  of  the  conditions  which  I  met  with,  I  have  found  every 
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inteimediate  stage  in  the  farm  of  slqpB  ooeopyii^  the  plane  of 
separation  between  the  supra-metacarpal  and  interoBaeoos  fndc; 
and  extending  for  variable  distances  from  the  distal  to  die  pnod- 
mal  ends  of  the  inter-metacarpal  spacea  When  these  sfips  are 
short,  they  are  usually  adherent  to  the  deep  ai^eet  of  die  snpn- 
metacarpal  fascia.  If  they  encroach  beyond  die  proximal  Emits 
of  die  inter-metacarpal  space,  diey  are  usually  adherent  to  the 
underlying  bone. 

The  following  is  a  summary  of  the  cases  in  which  I  have 
found  tbese  slips  present  in  one  condition  or  another. 

Of  the  50  hands  examined  they  were  present  in  35  (TO  per 
cent),  no  trace  being  found  in  15  (30  per  cent.). 

Of  the  35  cases, 
a  slip  was  present  in  the  2nd  inter-metacarpal  space  in  23  casest 
T9         n         »         3rd  „  „         14      , 

>t  »         »         4tn  „  „  4      „ 

j»  n  n  Ist  „  „  1  , 

In  28  cases  a  slip  was  found  in  one  inter-space  only. 
„    6      „    slips  were       „       two  interspaces. 
»>    1      »  »  »       three  ^ 

The  distal  attachments  of  these  slips  were  for  the  most  part 
iu  common  with  those  of  the  m.  inteross.  dors.,  to  which  they 
formed,  as  it  were,  a  third  head.  In  some  cases,  however,  they 
could  be  traced  independently  into  the  general  extensor  expan- 
sion. In  one  case  a  slip,  with  a  well  marked  muscle  beUy  at 
the  proximal  end  of  the  inter-metacarpal  space,  ended  in  a  fine 
tendon  which  was  lost  in  the  fatty  pad  between  the  heads  of  the 
metacarpal  bones.  In  another  case,  where  two  well  marked  slips 
occupied  the  2nd  and  3rd  inter-space,  and  had  a  common  ten* 
dinous  attachment  to  the  back  of  the  carpus,  the  one  in  the  3rd 
inter-space  divided  into  two  tendcHis,  which  were  traceable  into 
the  extensor  expansions  of  the  medial  and  annular  digits. 

Muscular  slips  occupying  the  whole  extent  of  the  interHooeta- 
carpal  spaces,  and  extending  on  to  the  base  of  the  metacarpus 
and  carpus,  have  frequently  been  noticed  by  other  observers. 
I  need  only  refer  to  a  case  described  by  Gruber,  since  the  plate^ 
in  which  he  illustrates  them  gives  a  very  good  idea  of  their 

^  Bcdbaehiungm^  a,d.  AnaJUmie^  Heft  tL  Tab.  iL  fig.  $• 
VOIb  XXXL  (N.S.  VOL.  XL)  D 
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lumal  dispositioiL  A  figure  in  the  Gwijg  Hogpiial  Etporri^} 
illtiBtrating  a  case  in  which  two  small  muscles  arose  from  the 
fascia  on  the  back  of  the  carpus,  and  occupied  the  4th  and  2nd 
inter-spaces,  might  have  been  drawn  from  one  of  my  specimens, 
so  close  is  the  resemblance. 

One  of  the  chief  points  of  interest  in  connection  with  these 
muscle  slips  centres  in  their  nerve  supply.  I  set  to  work  to 
determine  this  with  a  perfectly  unbiassed  mind,  endeavouring 
in  each  case  to  trace  the  nerve  from  the  muscle  slip  to  its 
source.  In  many  cases  the  slips  were  so  small  that  tracing 
nerve  strands  in  connection  with  them  was  a  physical  im- 
possibility. In  other  cases,  however,  I  was  more  successful  In 
no  case  was  I  able  to  trace  nerve  fibres  from  the  muscle  slip  to 
the  pseudo-ganglion  on  the  trunk  of  the  post,  inteross.  nerve, 
but  in  several  instances  I  found  fine  twigs  accompanying  the 
dorsal  interosseous  arteries,  traversing  the  bicipital  origins  of  the 
m.  inteross.  dors.,  and  derived  from  the  deep  branch  of  the  ulnar 
nerve  in  the  palm.^  The  cases  in  which  the  nerve  supply  was 
most  satisfactorily  defined  were  those  in  which  the  slips  had  a 
definite  attachment  to  the  back  of  the  carpus. 

This  nerve  supply  is  certainly  worthy  of  remark,  in  that  a 
muscle  slip,  undoubtedly  extensor  in  disposition,  presumably 
extensor  in  function,  receives  its  supply  from  a  nerve  trunk, 
which  is  essentially  flexor  in  its  distribution. 

Although  I  have  met  with  no  case  in  which  an  extensor 
brevis  digitorum  manus  was  present  in  such  a  fully  developed 
condition  as  that  described  and  figured  by  Wood,  yet  the  cases 
which  I  have  described  may  possibly  throw  some  light  upon  the 
origin  of  such  a  muscle. 

The  occurrence  of  an  extensor  brevis  digitorum  manus  in  man 
is  open  to  any  one  of  the  following  interpretations : — 

(a)  That  it  is  an  atavistic  variation  of  a  muscle  normally 
represented  in  the  foot. 

(6)  That  it  is  a  persistent  deep  delamination  of  the  deep 
digital  extensor,  this  deep  delamination  being  represented  by 
metacarpal  attachments  of  the  deep  extensor  in  some  animals. 

1  Vol.  xlviL  p  812. 

*  Raubor  has  described  communicating  filaments  between  the  ulnar  and  post 
inteross.  nerves,  accompanying  the  perforatory  arteries. 
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(e)  That  it  is  a  derivatiye  of  the  dorsal  interoeseous  muscula- 
ture. 

(d)  That  it  is  derived  from  a  new  muscle  germ. 

{a)  If  we  adopt  this  interpretation,  we  must  presume  that  at 
one  time  or  another  there  were  three  strata  of  digital  extensors 
in  both  the  upper  and  lower  limb ;  and  further,  that  the  inter- 
mediate stratum  has  disappeared  in  the  lower  limb,  while  the 
deep  stratum  persists  in  the  lower  limb,  but  normally  disappears 
in  the  lower  Umb.  As  there  is  absolutely  no  evidence  in  support 
of  such  an  hypothesis,  it  is  needless  to  discuss  it. 

(b)  That  an  ext.  brev.  dig.  manus  represents  the  metacarpal 
attachments  of  the  deep  digital  extensor  is  at  first  sight  a  very 
plausible  explanation.  In  support  of  this  theory,  the  occasional 
attachments  of  the  ext.  brev.  dig.  ped.  to  the  metatarsal  bones, 
as  described  by  Buge,  are  certainly  very  significant.  A  closer 
examination,  however,  shows  that  this  explanation  is  scarcely  a 
tenable  one.  If  the  ext.  brev.  dig.  manus  represents  the  meta- 
carpal attachments  of  the  deep  digital  extensor,  then  a  delamina* 
tion  must  have  involved  this  musculature,  the  superficial  com- 
ponent tending  to  migrate  axially,  the  deep  component  tending  to 
retain  its  original  position  on  the  dorsum  of  the  manus.  In  other 
words,  we  must  assume  a  tendency  to  a  trilaminar  condition  of 
the  extensor  muscles  (digital)  of  the  forearm.  There  is,  however^ 
but  little  evidence  to  show  that  such  a  tendency  is  a  common  one. 
In  no  mammal  can  I  find  incontrovertible  evidence  of  this 
hypothetical  arrai^ment,  with  the  exception  perhaps  of  Bradypus 
tricUictyltis,  where  a  third  or  deep  extensor  is  represented  by  a 
short  extensor  digitorum  on  the  back  of  the  manus.  The  inter- 
osseous muscles,  however,  are  absent  in  this  animal;  and,  as 
Macalister^  points  out,  the  short  extensor  undoubtedly  represents 
the  dorsal  displacement  of  these  muscles,  the  displeu^ment  being 
due  to  the  very  close  approximation  of  the  metacarpal  bones. 

What  is  to  be  regarded  as  the  primitive  arrangement  of  the 
extensor  muscles  in  the  distal  segments  of  the  two  limbs  is  an 
exceedingly  difficult  matter  to  determine.  At  present  we  are 
not  justified  in  assuming  more  than  that  there  is  a  general 
tendency  for  the  digital  extensors  to  delaminate  into  superficial 

^  "  Myology  oi  Bradypus  tridaetylus,'*  Annals  and  Magazine  of  Natural  History^ 
1869. 
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and  deep  strata,  and,  of  the  two,  the  deep  stratum  is  much  the 
less  stable.  Suge  has  brought  forward  cogent  evidence  to  prove 
that  the  human  disposition  of  the  ext.  brev.  dig.  pedis  is  the 
result  of  a  distal  migration  of  the  elements  of  the  deep  stratum. 
Brooks  would  have  us  believe  that  a  migration  has  affected  the 
corresponding  stratum  in  the  upper  limb  in  an  opposite  direction. 
If  both  are  right,  which  is  to  be  regarded  as  the  more  primitive 
arrangement  of  the  digital  extensors  in  man, — that  of  the  hand, 
or  that  of  the  foot?  Migration  certainly  plays  an  important 
part  in  the  mutations  to  which  the  muscular  system  is  subject ; 
but  to  make  too  extensive  a  use  of  such  an  explanation  is  fraught 
with  danger,  and  is  liable  to  lead  to  erroneous  conclusiona  To 
account  for  the  human  disposition  of  any  particular  muscle  or 
system  of  muscles  as  the  result  of  migration,  is  rather  too  easy  a 
solution  of  a  problem  teeming  with  difficulties.  With  a  carefully 
selected  series  of  animals,  the  theory  of  migration  will  enable  us 
to  establish  any  primitive  type  that  it  may  best  please  us  to 
formulate.^ 

In  endeavouring  to  trace  the  modifications  which  the  members 
of  any  muscle  group  have  undergone,  and  thereby  to  establish 
what  may  be  regarded  as  an  ancestral  type,  presumably  simple, 
and  to  which  we  must  refer  all  existing  arrangements,  many 
factors  in  addition  to  migration  must  be  taken  into  account,  as 
responsible  to  a  greater  or  less  degree  for  the  complex  resultant 
in  any  particular  case.  For  example,  contiguity  of  development 
is  one  of  the  most  potent  causes  for  the  implantation  of  a  muscle 
on  any  particular  bony  surface.  And,  assuming  that  the  develop- 
ments of  the  muscular  and  skeletal  systems  do  not  necessarily 
run  on  identical  or  even  parallel  lines,  this  cause  alone  may  lead 
to  an  infinite  variety  of  muscular  attachment.  The  fact  that  in 
the  short-thighed  seal  the  adductor  magnus  has  a  tibial  attach- 
ment, does  not  justify  us  in  concluding  that  this  muscle  has  a 
universal  tendency  to  encroach  beyond  the  limbs  of  the  distal 
end  of  the  femur,  and  that  in  man  the  tibial  attachment  may 
be  described  as  having  been  lost.    Again,  we  are  apt  to  consider 

^  By  a  curious  coinoidence,  two  papers  were  read  at  the  same  meeting  of  the 
Anatomical  Society,  the  one  to  show  that  the  deep  extensors  in  the  forearm  had 
migrated  prozimally,  the  other  that  the  same  group  of  muscles  tended  to  migrate 
in  the  opposite  direction. 
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that  segmentation  and  delamination  of  a  primitive  muscle-mass 
necessarily  take  place  in  lines  and  planes  which  are  more  or 
less  rigid,  without  taking  into  account  the  possibility  of  the 
lines  of  cleavage  being  largely  influenced  by  individual  require- 
ment& 

If  we  are  met  with  these  difficulties  when  endeavouring  to 
identify  any  particular  muscle  in  the  one  limb,  and  to  assign  it 
to  its  proper  place  in  the  general  scheme  of  appendicular  develop- 
ment, the  task  is  still  more  formidable  if  we  seek  for  its  exact 
homologue  in  the  lower  limb.  The  hind  limb  can  in  nowise 
be  r^arded  as  the  exact  counterpart  of  the  fore  limb.  From 
their  first  appearance  the  particular  functions  each  limb  has 
been  called  upon  to  play  have  been  different :  their  respective 
developments  have  taken  place  along  routes  which,  though  at 
one  time  converging,  at  another  time  diverging,  have  never  been 
identical  Serial  homology,  when  applied  to  the  appendicular 
musculatures,  though  undoubtedly  useful  in  that  it  indicates  a 
certain  parallelism  of  development,  must  consequently  not  be 
too  exacting. 

The  attachments  and  the  general  disposition  are  useful  but 
not  infallible  homological  guide&  The  ext.  brev.  dig.  pedis 
furnishes  a  case  in  point.  This  muscle  represents  the  deep 
digital  extensor  in  the  leg,  while  the  corresponding  muscle  in  the 
arm  is  represented  by  the  extensor  indicis.^  We  are  not  justi- 
fied in  insisting  upon  a  more  definite  homology  than  this.  At 
first  sight  the  hallucial  slip  of  the  ext.  brev.  dig.  pedis,  sometimes 
differentiated  as  the  extensor  brevis  hallucis,  appears  to  be  the 
exact  counterpart  of  the  ext.  brev.  (primi  intemodii)  poUicis. 
The  two  muscles  are  remarkably  alike  as  far  as  their  disposition 
in  man  is  concerned:  they  are  both  relatively  short  muscles, 
they  are  both  deep,  and  their  distal  attachments  are  identical. 
The  homological  relationship  between  the  two  is,  however,  more 
apparent  than  reaL  The  ext.  brev.  poUicis  is  a  muscle  of 
extremely  late  appearance ;  it  is  peculiarly  human,  and  all  the 
evidence  points  to  its  being  a  segmentation  product  of  the  ext. 
OSS.  metacarp.  pollicis,  its  appearance  being  foreshadowed  in  the 

^  The  eztenflor  minimi  digiti  may  be  left  out  of  account ;  for  although  there  are 
good  reaaona  for  supposing  that  it  is  derived  from  the  deep  distal  extensor,  yet 
it  has  no  normal  representative  in  the  leg. 
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anthropoid  by  an  extension  of  the  ext.  oss.  metacarp.  poUicis  on 
to  the  proximal  phalanx  of  the  thumb.    In  the  case  of  the  ext. 
brev.  hallucis  there  is  no  evidence  to  show  that  it  is  Edijiilarly 
related  to  an  ext.  oss.  metatars.  hallucis.    This  leads  us  to  the 
consideration  of  the  probable  homologue  of  the  ext.  ossis  metacarpi 
pollicis.    In  Quain's  table  of  muscular  homologies,  the  tibialis 
anticus  is  regarded  in  this  light.    Assuming,  for  the  sake  of 
argument,  that  this  view  is  the  correct  one,  there  is  no  evidence 
to  show  that  the  ext.  brev.  hallucis  is  a  derivative  of  the  tibialis 
anticus ;  while  the  slip  which  the  latter  muscle  so  frequently 
sends  to  the  proximal  phalanx  of  the  great  toe  asserts  a  reason- 
able claim  to  be  considered  as  the  homologue  of  the  ext.  brev. 
pollicis.    Further,  the  homology  between  the  ext.  oss.  metacarp. 
pollicis  and  the  tibialis  anticus  is  an  exceedingly  doubtful  one. 
The  chief  reason  for  such  an  assumption  is  the  similarity  between 
the  distal  attachments  of  the  two  muscles,  and  even  in  this 
respect  they  are  not  identical.    The  two  are  on  entirely  different 
planes :  the  tibialis  anticus  is,  and  always  has  been,  a  superficial 
muscle,  while  the  extensor  ossis  metacarpi  pollicis  is  undoubtedly 
a  deep  delamination.     Is  there  any  evidence  to  show  that  an 
ext.  ossis  metatarsi  hallucis,  distinct  from  and  on  a  deeper 
plane  than  the  tibialis  anticus,  is  a  universal  tendency  ?    Brooks 
su^ests  that  this  is  the  case,  and  argues,  in  favour  thereof, 
that  such  a  muscle  occasionally  makes  its  appearance  in  man. 
An  ext.  oss.  metatars.  hallucis,  however,  is  an  exceedingly  rare 
anomaly ;  and  even  when  it  is  present,  it  cannot  be  regarded  as 
directly  atavistic,  since  it  does  not  represent  a  normal  mammalian 
tendency.    Brooks  certainly  describes  such  a  muscle  in  Meno- 
branchus  and  Hatteria.    In  Menobranchus,  however,  the  distal 
attachment  of  the  tibialis  anticus  (tibial  sector  of  the  superficial 
plane  of  muscle)  is  confined  to  the  tibia,  and  the  ext  ossis  meta- 
tarsi hallucis  ^  continues  the  direction  of  the  tibialis  anticus,  and 
looks  suspiciously  like  the  cut-off  distal  end  of  that  muscle.    In 
Hatteria  the  muscle  described  under  the  name  ext.  oss.  metatars. 
hall,  is  a  slip  derived  from  the  deep  digital  extensor,  attached 
to  the  first  metatarsal,  and  is  not  an  independent  muscle.    A 
search  through  the  literature  dealing  with  the  myology  of  the 

^  The  title  is  a  courtesy  one,  as  the  miucle  is  inaerted  into  metatarsal  II,  the 
halloz  being  snppresaed. 
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lower  limb  has  convinoed  me,  on  the  other  hand,  that  such  a 
mtucle  in  moBt  if  not  in  all  mammalB  is  conspicooos  by  its 
absence.  Amphibian  and  reptilian  characteristiGS,  at  best  of  a 
doubtful  nature,  do  not  afford  a  verj  sure  foundation  for  the 
hypothesis  that  an  ext.  ossLs  metatarsi  hallncis  is  a  normal  feature 
in  the  myological  architecture  of  the  lower  Mmb,  at  any  rate  as 
far  as  its  recent  phylogenetic  history  is  concerned.  The  lack  of 
evidence  in  support  of  a  potential  extu  oes.  metatars.  hallncis 
militates  greatly  i^ainst  the  assumed  homology  between  the  ext 
brev.  hallncis  and  the  ext.  brev.  poIlici&  Occasionally,  but 
rarely,  the  ext  indids  is  furnished  with  two  tendons,  the  inner 
of  the  two  passing  to  the  pollex,  and  beii^  connected  there  widi 
the  tendon  of  the  ext.  brev.  (Gruber,  Koster,  &&X  "Rus 
anomalous  slip  of  the  ext.  indicis  has,  in  its  turn,  scmie  claim  to 
be  considered  the  homologue  of  the  ext  brev.  halluria 

I  have  considered  the  assumed  homology  between  the  short 
extensors  of  the  thumb  and  great  toe  at  some  length,  as  it  is 
very  instructive.  Similar  reasoning  could  be  applied  in  several 
other  cases  of  assumed  homology  to  show  that  they  are  to  a 
large  extent  artificial 

(e)  Provided  there  is  no  concomitant  deficiency  in  the  normal 
musculature,  there  is  a  good  deal  to  be  said  in  favour  <rf  an 
ext  brev.  dig.  manus  being  r^arded  as  a  derivative  of  the  dorsal 
interoaseous  musculature.  The  chief  evidence  in  fcivonr  of  such 
an  hypothesis  is  derived  from  (1)  the  fascial  relationships,  and 
(2)  the  nerve  supply  of  the  muscular  slips  which  I  have  described 
in  the  earlier  part  of  tiiis  paper. 

(1)  From  the  fascial  relationships  of  these  muscle  slips  it 
appears  as  though  the  m.  interosa  dora  have  a  tendency  towards 
overgrowth  at  the  distal  ends  of  the  inter-metacarpal  spaces 
where  the  covering  fascia  is  of  a  loose  nature  and  offers  the 
least  resistance  to  such  an  extension.  In  its  most  rudimentary 
condition,  this  overgrowth  takes  the  form  of  a  small  fasciculus 
Bflftlring  attachment  to  the  deep  aspect  of  the  supra-metacarpal 
&8cia.  In  a  more  advanced  condition,  such  an  overgrowth 
extends  proximally,  creeping,  as  it  were,  in  the  interval  of 
seiMiration,  between  the  interosseous  and  supra-metacarpal  fasciae, 
and  eventually  may  invade  the  base  of  the  metacarpus  and 
dorsal  aspect  of  the  carpus,  where,  owing  to  the  deep  adherence 
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of  the  supra-metacarpal  fascia,  it  finds  a  bony  attachment.  In 
other  words,  the  direction  of  growth  of  these  slips  seems  to  be 
largely  determined  by  the  disposition  of  the  supra-metacarpal 
fascia.  In  suggesting  such  a  method  of  development  for  these 
slips,  I  know  I  am  treading  on  very  dangerous  ground,  as  fasciae 
are  for  the  most  part  the  creatures  of  the  muscles,  their  dis- 
position to  be  accounted  for  by  muscular  pressure  and  tension. 
The  converse  may,  however,  hold  good  to  some  extent,  and 
fascial  disposition  may  be  one  determining  factor  in  muscular 
adaptation.  In  this  case  the  close  adherence  of  the  interosseous 
fascia  to  the  metacarpal  bones,  forming  as  it  were  the  dorsal 
limit  to  the  m.  inteross.  dors.,  the  loose  nature  of  the  fatty  pads 
interposed  between  the  knuckles,  and  the  general  disposition 
of  the  supra-metacarpal  fascia,  are  certainly  suggestive.  These 
slips  may  possibly  be  the  result  of  a  delamination  involving  the 
m.  inteross.  dors.,  followed  by  a  secondary  extension  on  to  the 
carpus ;  and  against  such  an  explanation  I  could  not  urge  any 
very  strenuous  argument  In  whatever  way  these  slips  may  be 
derived,  it  is  obvious  that  if  the  process  affects  more  than  one 
m.  inteross.  dors.,  the  resultant  will  be  a  more  or  less  complete 
ext.  brev.  dig.  manus.  What  useful  functions  these  slips  in 
their  rudimentary  condition  subserve,  or  what  physiological 
necessity  has  invoked  the  tendency  for  a  new  extensor  muscle 
to  make  its  appearance  on  the  back  of  the  hand,  requires 
investigation. 

(2)  The  nerve  supply  of  the  muscle  slips  which  I  have  de- 
scribed is  very  suggestive  of  their  origin,  and  leaves  but  little 
doubt  upon  the  matter.  Unfortunately,  little  or  no  attention 
has  been  paid  to  the  nerve  supply  of  the  muscles  described  by 
Wood,  Macalister,  &c.  as  exten&  brev.  dig.  manus,  and  it  is 
apparently  taken  for  granted  that  such  muscles  are  supplied  by 
the  post,  inteross.  nerve.  An  ext.  brev.  dig.  manus  derived  in 
the  manner  I  have  suggested  would,  through  the  disposition  of 
the  supra-metacarpal  fascia,  find  attachment  to  the  dorsal  aspect 
of  the  carpus,  and  overlie  the  final  distribution  of  the  post, 
inteross.  nerve,  the  territory  of  which  nerVe  it  would  conse- 
quently invade.  Under  these  circumstances,  a  supply  from  the 
post,  inteross.  nerve  would  not  be  a  matter  of  surprise.  If  it  can 
be  proved  that  a  fully  developed  ext.  brev.  dig.  manus  is  ex* 
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clnsively  supplied  by  the  post,  inteross.  nerve,  I  admit  that  it 
would  be  practically  conclusive  evidence  of  the  derivation  of 
the  muscle  from  the  extensor  sheet;  but  if,  as  it  is  quite 
possible,  the  muscle  had  a  double  nerve  supply  from  the  post, 
interosseous  and  ulnar  nerves,  such  a  condition  would  not 
necessarily  put  my  hypothesis  out  of  court. 

limb  muscles  with  a  double  or  variable  nerve  supply  have 
been  the  subject  of  some  controversy.  Cunningham,  who  has 
devoted  considerable  attention  to  these  muscles,  is  of  the  opinion 
that  the  nerve  supply  is  of  the  greatest  value  in  determining  the 
morphological  significance  of  a  muscle ;  yet  it  cannot  be  regarded 
as  an  infallible  guide.  Paterson,  who  strongly  advocates  the 
exclusive  distribution  of  the  flexor  and  extensor  nerves  to  the 
primitive  ventral  and  dorsal  sheets,  accepts  as  the  explanation 
of  the  nerve  supplies  of  such  muscles  as  the  pectineus,  biceps 
cruris,  &c.,  the  supposition  that  these  muscles  are  the  results  of 
secondary  fusions  between  primary  s^mentations ;  or,  in  other 
words,  that  they  are  compound  muscles  resulting  from  the  fusion 
of  dorsal  and  ventral  elements. 

Admitting  that  secondary  fusion  is  in  many  cases  the  true 
interpretation  of  a  double  nerve  supply,  yet  there  are  some 
cases  to  which  it  cannot  obviously  be  applied,  e,g.  to  the  m. 
inteross.  dors,  of  the  foot  muscles,  which  frequently  receive 
their  supply  from  both  plantar  and  ant-tibial  nerves.  There 
is  a  certain  amount  of  evidence  to  show  that  the  boundaries 
of  the  muscular  field  of  supply  of  an  nerve  are  not  strictly 
limited;  «^.,  in  the  case  of  the  plantar  nerves,  where  appa- 
rently one  plantar  nerve  tends  to  invade  the  territory  of  the 
other.  Conversely,  if  a  muscle  primarily  belonging  to  one  field 
tends  to  invade  an  adjoining  field,  it  is  conceivable  that  such 
a  muscle  will  attract  a  supply  from  the  nerve  of  the  field  of 
invasion. 

((2)  If  an  ext.  brev.  dig.  manus  cannot  be  regarded  as  an 
atavistic  anomaly,  or  as  a  derivative  from  any  existing  muscula- 
ture, the  only  way  in  which  its  presence  can  be  accounted  for  is 
to  suppose  that  it  is  of  entirely  new  origin — the  product  of  a  new 
muscle  germ.  Such  an  explanation  is,  of  course,  the  last  resort, 
and  all  other  possible  derivations  must  be  disproved  before  it 
can  be  accepted. 
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The  Pseudchganglicm  on  the  Post.  Interosseous  Nerve. 

In  tracing  the  terminal  branches  of  the  post,  interosseous 
nerve  I  met  with  one  case  in  which  the  pseudo-ganglion  was 
very  much  smaller  than  is  usually  the.  case,  and  was  continued 
into  a  trunk  which  crossed  the  space  between  metacarpals  II  and 
III,  and  was  finally  distributed  to  the  skin  covering  the  adjoining 
sides  of  the  indical  and  medial  digits.  This  variation  is  worthy 
of  note,  as  it  has  only  been  twice  recorded,  by  W.  Turner  and 
Schwalbe. 


ON  C?ERTAIN  POINTS  IN  THE  ANATOMY  AND 
MECHANISM  OF  THE  WEIST-JOINT  REVIEWED 
IN  THE  LIGHT  OF  A  SERIES  OF  RONTGEN  RAY 
PHOTOGRAPHS  OF  THE  LIVING  HAND.  By  T.  H. 
Brtce,  M.B.,  Ledurer  on  Anatomy^  Qween  Marjard  Cdl^c^ 
Univer^y  of  Glasgow, 

'    (Communicated  to  the  Anatomieal  Society,  Joly  S,  1896.) 

So  far  as  I  know,  there  has  as  yet  been  no  account  pablished 
of  an  attempt  to  apply  the  method  of  the  'New  Photogia^y* 
to  the  study  of  the  articulations  in  the  living  subject  The 
present  paper  is  an  effort  in  this  direction.  It  is  obvious  that 
the  case  of  the  wrist- joint  is  a  favourable  one  for  the  applicatioD 
of  such  a  method ;  but  even  here,  we  are  limited  to  the  study  of 
the  relative  positions  of  the  carpal  bones  in  certain  attitudes  of 
the  joint,  as  we  cannot  obtain  the  ^oto-shadows  except  when 
the  hand  is  in  the  same  plane  as  the  forearm. 

The  photographs  were  taken  from  my  own  hand  by  Dr  John 
Macintyre,  of  Glasgow,  who  very  kindly  put  his  valuable  time, 
and  unique  skill  in  the  technique,  at  my  disposal  for  the 
purposes  of  the  inquiry.  They  present  the  hand  in  the  straight 
position — ^the  axis  of  the  hand  in  a  line  with  the  axis  of  the 
forearm  —  in  radial,  and  in  ulnar  flexion.  In  the  negatives, 
the  impression  on  the  plate  being  a  shadow  ia  really  a  positive, 
so  that  the  prints  are  negative  pictures,  and  the  right  hand 
appears  as  the  left  The  periosteum,  the  articular  cartilages, 
and  the  triangular  fibro-cartilage  do  not  appear;  and  the  shadows 
of  the  carpus  being  life  size,  if  we  allowed  for  the  Uiickness  of 
the  soft  structures,  the  actual  spaces  between  the  bones  might 
be  measured  The  bones,  however,  appear  on  the  same  plane, 
so  that  an  error  would  be  introduced,  and  I  have  made  no 
attempt  to  express  any  of  the  reliationships  in  figures.  Any 
measurements  I  do  give  must  be  understood  as  applying  only  to 
the  photographs. 

Photograph  L  shows  the  hand  with  its  axis  in  a  straight  line 
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Bi^t  faand.    Snpiue  in  stnight  poutioa. 
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with  that  of  the  forearm,  and  in  the  supine  position;  Photo- 
graph iL,  the  hand  in  the  same  attitude  in  the  prone  position. 

A  general  survey  of  these  photographs  shows  at  once  that 
there  is  a  degree  of  'incongruity'  in  the  carpal  articulations, 
not  represented  in  our  text-books,  nor  allowed  for  in  our  articu- 
lated skeletons  of  the  hand. 

Before  analysing  the  relationships  of  the  carpal  bones  to  the 
bones  of  the  forearm  and  to  one  another,  as  seen  in  the  photo- 
graphs, I  may  call  attention  to  the  demonstration  they  give  of 
the  lateral  thrust  of  the  ulna  in  pronation.  The  centre  of  the 
shadow  of  the  styloid  process  of  that  bone  is,  in  the  supine 
position,  12  mm.  removed  from  the  central  point  of  the  trans- 
verse axis  of  the  wrist,  while  in  pronation  the  distance  is 
increased  to  25  mm. 

Further,  in  comparing  these  two  photographs  with  Photograph 
iii ,  representing  the  hand  in  pronation  in  the  position  of  rest,  it 
is  to  be  noticed  that  in  pronation  there  is  slight  amount  of 
adduction  of  the  hand,  which  is  rectified  in  No.  ii.  by  carrying 
the  hand  to  the  radial  side  until  its  axis,  passing  through  the 
third  metacarpal  bone,  is  in  a  straight  line  with  the  axis  of 
the  forearm.  I  have  not  adopted  Meyer's  ^  '  middle  position,'  in 
which  the  hand  stands  somewhat  adducted,  because  there  is  no 
fixed  axis  from  which  to  work. 

(1)  Relations  of  the  Carpal  Bones  to  one  another,  and  to  the 
Radius  and  triangular  fibro-cartilage,  in  the  straight  position. 
(Photographs  i.,  ii,  and  iii.) 

Proximal  range. — ^The  scaphoid  lies  very  obliquely  to  its  radial 
facet  in  the  palmar  view, — its  long  axis  being  directed  nearly 
straight  downwards  and  forwards.  It  grasps  the  os  magnum 
as  seen  by  the  overlapping  shadow.  In  the  dorsal  view  the 
obliquity  is  less  marked,  due  to  the  shape  of  its  radial  articular 
surface.  Almost  the  whole  of  this  surface  is  in  play  with  the 
radius.  There  is  an  angular  interval  between  it  and  the  lunar, 
only  the  inferior  parts  of  the  contiguous  surfaces  touching  one 
another ;  in  the  dorsal  view  the  inferior  extremity  of  the  bone 

^  Cf,  yLejer,  Die  Statik  und  Mechanik  dea  Menschliehen  KnoekengerHsteSf  1873. 
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is  released  from  the  08  magnum,  and  the  greater  part  of  the 
articujlar  surface,  for  the  trapeziam  and  the  trapezoid,  is  out  of 
play  with  these  bones. 

The  lunar  overlaps  the  situation  of  the  triangular  fihro- 
cartilage  to  a  considerable  extent.  The  text-book  figures  vary 
in  respect  of  this  point,  some  showing  the  bone  confined  to  its 
radial  facet,  some  showing  a  greater  or  less  degree  of  overlap- 
ping. The  photographs  confirm  the  statement  that  the  lunar 
corresponds  to  the  radial  facet  and  the  triangular  fibro- 
cartilage.^  It  plays  in  the  straight  position  with  the  entire 
sorEace  of  the  cartilage,  and  the  greater  part  of  its  superior 
articular  surface  is  in  contact. 

The  pyramidal  is  far  removed  from  the  situation  of  the  fibro- 
cartilage ;  it  lies  to  its  ulnar  side,  and  must  play  in  the  angular 
interval  between  the  ligamentous  bands  passing  from  the  ulna 
to  its  anterior,  internal,  and  posterior  aspects. 

DiskU  range, — ^The  trapezium  and  trapezoid,  which  throughout 
we  shall  consider  as  one  entify,  play  only  with  the  distal  part  of 
the  surface  on  the  scaphoid.  The  trapezoid,  in  the  dorsal  view,  is 
in  less  dose  contact  with  the  scaphoid  than  the  trapezium.  The 
long  axis  of  the  os  magnum  coincides  with  the  long  axis  of  the 
hand  when  it  is  placed  strictly  in  the  straight  position.  The 
long  axis  of  the  unciform  is  also  parallel  to  the  axis  of  the  hand. 
Its  tip  &tils  to  reach  the  lunar,  and  there  is  an  angular  interval 
between  it  and  the  pyramidal — the  whole  opposing  concavo- 
convex  focets  being  out  of  play. 

Meyer  ^  describes  an  *  incongruity '  at  the  ulnar  side  of  the 
intercarpal  joint,  corresponding  closely  to  that  seen  in  Photo- 
graph iii,  the  whole  dorsal  and  ulnar  part  of  the  facet  on  the 
unciform  being  out  of  touch  with  the  pyramidal ;  but  the  figure 
difTeiB  from  his  description  in  the  fact,  that  even  in  it  the 
unciform  does  not  touch  the  lunar. 

Coming  to  the  interpretation  of  the  photographs  above 
described,  it  is  evident  that  there  is  a  degree  of  laxity  in  the 
intercarpal  articulation  which  is  not  allowed  for  in  any  of  the 
descriptions  of  the  mechanism  of  the  wrist-joint.  These  all 
proceed  on  the  assumption  that  the  carpal  rai^s  are  locked  or 
jammed  together. 

^  Cf,  Shepherd,  Jowr,  AnaL  and  JPhys.,  yol.  xxr.  *  Meyer,  loe.  eU, 
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Figure  A  is  a  photc^raph  of  a  preparation  in  which  the  anterior 
and  lateral  ligaments  have  been  left  intact,  while  the  poeterior 

ligamentB  have  been  removed  to  show  the  articulation.  - 


A.— StmightPoEition. 

The  attitude  "naturally  assumed  by  the  ranges,  when  not 
artificially  jammed,  is  demoustrated ;  and  when  compared  with 
the  Kontgen  liay  photograph,  I  think  it  must  be  admitted 
that  the  ranges  during  life  are  released  from  one  another — 
in  a  manner  not  represented  in  the  traditional  figures.  The 
proximal  rsoge  is  iu  a  poaition  of  greater  extension  than  has 
been  represented  The  trapezium  and  trapezoid  play  only 
with  the  distal  part  of  their  facets  on  the  scaphoid,  and  the 
unciform  does  not  in  this  position  touch  the  lunar. 

The  relations  of  the  unciform  and  pyramidal  require  special 
notice. 

Figuies  E  and  F  show  the  oppoeir^  surfaces  of  the  two  ranges. 
The  articular  surface  on  the  pyramidal  for  the  unciform  is, 
in  well-marked  recent  specimens,  crossed  obliquely  by  a  distinct 
ridge  running  from  the  dorsal  end  of  the  luno-pyramidal  articu- 
lation forwards  and  inwards  to  the  palmar  border.    This  ridge 
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dividea  the  surfstce  into  two  parte,  a  radial  and  paiinar,  triangular 
and  concave,  with  ite  base  at  the  lunar  border  and  its  apex  at 
the  junction  of  the  ridge  and  the  palmar  border ;  and  a  dorsal 


B. — The  Ptoxinul  Cftrpa)  Buige  rrom  its  inferioT  Surface. 

and  ulnar,  which  presents  a  concavity  at  its  dorsal  end  and  a 
convexity  at  its  palmar.  The  apex  of  the  unciform  rises  highest 
on  the  palmar  aspect,  forming  a  smooth,  rounded  convexity. 
From  this,  running  backwards  to  the  dorsal  border,  is  the  narrow 


F.  —The  Dktal  Carpal  Eange  from  ita  3np«rior  Aapeot. 

lunar  surface,  altc^ether  out  of  play  in  this  position.  The 
remainder  of  the  articular  surface  may  be  divided  into  two 
parts,  a  radial  andpalviar,  triangular  and  convex,  corresponding 
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to  the  Bide  of  the  tip  of  the  boiie,  and  a  dorsal  and  ulnar,  convex 
doraally,  and  concave  at  ite  palmar  end. 

Id  the  straight  poeitioD,  the  triangular  couvex  part  of  the  apex 
of  the  unciform  alone  plays  with  the  pyramidal,  gliding  on  the 
triangular  and  concave  area  above  described  ;  the  whole  dorsal 
and  ulnar  concavo-convex  facets  are  out  of  play. 

It  may  also  here  be  noted  that  the  obliquely  directed  surface 
ou  the  side  of  the  head  of  the  ob  magnum  for  the  scaphoid  is 
out  of  play  in  the  straight  position. 

(2)  RelaiionB  of  the  Bones  in  abduction.    (Phott^iaph  iv.) 

Proximal  raw/e. — There  is  very  little  change  in  the  position 
of  the  lunar  and  pyramidal.    The  distance  between  the  edge  of 


B.— Radial  Flexion. 

the  lunar  and  the  styloid  process  is  diminished  by  only  1  milli- 
metre. There  is  no  evidence  of  any  distinct  degree  of  flexion 
of  the  bones.  With  the  scaphoid  it  is  otherwise.  There  has 
evidently  taken  place  a  rotation  on  its  transverse  axis,  so  that  ite 
shadow  is  shortened,  and  it  grasps  the  os  magnnm  more  closely. 
JHstal  range. — The  relative  positions  of  the  shadows  of  the 
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bones  are  more  modified.  The  angular  interval  between  the 
miciform  and  pyramidal  is  increased ;  the  apex  of  the  unciform 
has  apparently  glided  down  the  ulnar  plane  of  the  socket. 

While  the  lunar  has  remained  stationary,  the  oe  magnum  now 
lies  obliquely,  as  if  it  had  rotated  on  a  point  in  its  neck,  so  that 
the  head  is  carried  towards  the  ulnar  side,  till  its  ulnar  edge 
projects  beyond  the  edge  of  the  lunar,  and  seems  to  touch  the 
angle  of  the  pyramidal.  The  socket  for  the  head  of  the  os 
magnum  is  confined  to  the  lunar.  The  length  of  the  shadow  of 
the  OS  magnum  is  unchanged.  The  trapezium  and  trapezoid 
have  shifted  towards  the  radial  side,  until  the  trapezium  appears 
close  to  the  styloid  process  of  the  radius. 

Figure  B  shows  the  same  preparation  as  in  figure  A  in  abduc- 
tion, and  interprets  the  '  shadowgram.*  The  marked  flexion  of 
the  scaphoid  is  demonstrated,  and  the  trapezium  emd  trapezoid 
have  glided  into  full  contact  with  it.  The  lateral  movement  of 
the  head  of  the  os  magnum  is  shown.  There  is  slight  compensa- 
tory flexion  of  the  lunar  and  pyramidal — due  to  the  preparation 
being  fixed  flat  to  the  board — ^which  is  not  seen  in  the  Rontgen 
Eay  photographs. 

(3)  BelcUions  of  the  Bones  in  adduction,    (Photographs  iii 

and  V.) 

Proximal  range. — ^There  is  now  considerable  lateral  displace- 
ment. The  lunar  has  receded  on  to  its  radial  facet;  the 
pyramidal  has  ascended  on  to  the  fibro-cartilage.  The  scaphoid 
is  carried  towards  the  radial  side  until  it  projects  considerably 
beyond  the  styloid  process.  The  pyramidal,  while  it  has  thus 
glided,  shows  no  evidence  of  any  degree  of  extension,  nor  does 
the  lunar.  The  scaphoid  is  extended  to  its  utmost  extent  on  the 
lunar,  so  that  its  shadow  is  elongated.  Its  distal  end  is  freed 
from  the  os  magnum  ;  the  luno-scaphoid  articulation  is  now  in 
complete  contact 

Distal  ran^e.— Again  there  is  evidence  of  a  greater  degree  of 
readjustment.  The  os  magnum  is  rotated  so  that  its  head  is 
carried  towards  the  radial  side,  and  its  shadow  remains  of 
exactly  the  same  length.  The  head  now  lies  to  a  considerable 
extent  off  the  lunar,  the  scaphoid  forms  the  major  part  of  its 


68  HB   T.   H.   BttTCE. 

socket  Following  this  movement,  the  unciform  has  become 
oblique,  and  has  ascended  into  full  contact  with  the  pyramidal. 
The  apex  now  playa  on  the  lunar.  The  trapezium  and  trapezoid 
are  carried  away  from  the  scaphoid.  Figure  iiL  ehowa  the  earliest 
sti^e  of  adduction :  the  unciform  and  pyramidal  are  coming  in 
contact,  and  the  proximal  rai^  is  beginning  its  excursion  towards 
the  radial  side. 

The  metacarpal  range  does  not  show  evidence  of  any  move- 
ment on  the  distal  carpal  range  in  any  of  the  lateral  positions. 


C— Ulnar  Flexion. 

Figure  C  shows  the  preparation  now  in  the  position  of  adduc- 
tion. The  extension  of  the  scaphoid  is  demonstrated,  and  the 
displacement  of  the  proximal  row.  The  head  of  the  os  magnum 
has  been  subjected  to  a  lateral  movement  and  a  slight  pivoting, 
as  seen  by  the  narrowed  facet  on  the  radial  side  of  the  head  of 
the  06  magnum.  The  apparent  extension  of  the  lunar  and 
pyramidal  is  also  to  be  noted,  but  this  is  a  point  which  will  re- 
quire special  notice  hereafter. 

The  interpretation  of  the  appearances  presented  by  this  series 
of  photographs  is  somewhat  difficult.  The  eSect  of  movements 
of  the  two  ranges  seen  on  the  plane  may  be  misleading,  and 
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therefore  they  can  only  serve  as  a  guide  to  the  renewed  study 
of  the  movements  seen  in  a  preparation. 

It  is  quite  clear  at  the  outset,  as  already  said,  that  there  is 
revealed  a  greater  degree  of  laxity  of  the  articulations  during 
life  than  has  heen  usually  supposed,  especially  at  the  ulnar 
side.  The  ranges  in  the  position  I  have  termed  the  'straight 
position '  are  released  from  one  another  by  the  proximal  range 
being  in  a  position  of  greater  extension  than  usually  depicted. 
The  assumption  of  the  'locking'  of  the  ranges  has  led  to  the 
acceptance  of  such  a  statement,  as  made  by  Humphry.^  "  The 
alternating  concavo-convex  facets  of  the  two  rows  are  so  adapted 
to  one  another  as  to  prevent  all  movements  besides  flexion  and 
extension."  Henle  -  described  the  intercarpal  joint  as  a  section 
of  a  large  imaginary  enarthrodial  joint,  the  socket  of  which 
was  possessed  of  a  process  received  into  a  hollow  of  the  head. 
To  the  original  rotetory  would  thus  be  added  movements  of  flexion 
and  extension.  Meyer*  described  a  rotatory  movement  of  the 
scaphoid  round  the  os  magnum,  coming  into  play  in  extension  ; 
but  he  confined  the  lateral  movements  to  the  radio-carpal  joint 
thus — to  take  ulnar  flexion  as  an  example;  there  are  three 
kinds  of  ulnar  flexion — dorso-ulnar,  volar-ulnar,  and  pure  ulnar 
flexion.  In  dorso-ulnar  there  is  extension  of  the  unciform  on 
the  luno-pyramidal  element  of  the  proximal  range,  associated 
with  extension  of  this,  the  meniscus — as  he  calls  it-^at  the 
radio-carpal  joint.  Volar-ulnar  flexion  is  the  result  of  a  move- 
ment of  flexion  in  both  joints,  associated  with  a  lateral  displace- 
ment of  the  meniscus  towards  the  radial  side ;  while  pure  ulnar 
flexion  is  a  combination  of  these  two,  the  flexion  in  the  inter- 
carpal being  compensated  by  an  extension  in  the  radio-carpal 
joint,  so  that  only  the  lateral  movement  is  brought  about.  It  is 
brought  to  a  close  by  the  contact  of  the  pisiform  and  the  head 
of  the  ulna.  This,  the  photographs  show,  is  certainly  not  the 
case.  Much  the  same  kind  of  mechanism  he  attributes  to  the 
movement  of  abduction,  but  he  does  not  describe  in  either  case 
the  play  of  the  elements  on  the  opposite  side  of  the  carpus  from 
which  the  movement  is  taking  place. 

^  Humphry,  The  Human  Skeleton, 
^  Henle,  Bdnderlehre. 
'  Meyer,  loc,  eit. 
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Henke*si  views  have  received  wide  assent,  and  are  adopted  by 
Luschka  and  Gegenbaur  among  others.  His  two  axes  are,  how- 
ever, admittedly  artificial :  the  axis  of  the  proximal  range  does 
not  take  account  of  the  screw  movement  described  later  by 
Meyer,  nor  is  the  axis  of  the  articulation  between  the  pyramidal 
and  the  unciform  parallel  with  that  of  the  joint  between  the 
scaphoid  and  trapezium  and  trapezoid. 

He  describes  the  movement  between  the  unciform  and  pyra- 
midal as  a  rocking,  the  joint  serving  principally  to  limit  the 
extreme  movements  by  the  anterior  and  posterior  borders  coming 
into  contact  with  the  corresponding  borders  of  the  pyramidal. 
Further,  "by  the  movement  of  the  1st  range,  there  is  the 
possibility  of  a  displacement  of  the  unciform  out  of  the  hollow 
of  the  pyramidal  outwards  and  inwards,  so  that  in  flexion  of  the 
proximal  range,  and  also  in  extension  of  the  distal,  the  lunar 
border  of  the  unciform  is  separated  from  that  bone."  Meyer 
also  describes  this  gliding  between  the  bones  by  the  displace- 
ment of  the  meniscus  in  extension.  Both  observers  started  with 
the  assumption  that  the  imciform  was  in  contact  with  the  lunar 
in  the  straight  position,  and  the  separation  of  the  bones  thus 
described  cannot,  I  believe,  wholly  correspond  either  in  kind  or 
degree  to  that  seen  in  the  photographs. 

Now,  if  the  rows  are  *  jammed '  together,  this  rotation  round 
two  axes  crossing  in  the  os  magnum  can  readily  be  demonstrated, 
but  the  main  axes  are  combinations  of  several  axes  which  do 
not  coincide  with  one  another.  If,  however,  the  ranges  are 
released  as  the  photographs  show  they  are  in  living  hand,  it  is 
impossible  to  regard  the  matter  so  simply.  The  positions  shown 
in  the  photographs,  especially  when  the  minute  movements  of 
the  proximal  range  in  respect  of  flexion  or  extension  are  borne 
in  mind,  cannot  be  produced  in  a  preparation  by  an  adjustment 
of  the  ranges  rotating  in  two  simple  axes.  Nor  does  such  a 
simplification  of  the  mechanism  of  the  joint  accoimt  for  its 
anatomical  structure.  The  desideratum  is,  such  an  interpreta- 
tion of  the  mechanism,  of  the  intercarpal  joint  as  will  justify 
its  fundamental  structure,  which  could  not  be  better  described 
than  it  was  by  Henle,  as  mentioned  above. 

The  study  of  preparations  of  the  wrist-joint  in  the  light  of 

^  Henke,  Anatomie  und  Mechanik  der  Oelenke,  1863. 


It 
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this  series  of  photographs  leads  then,  I  believe,  to  some  modifica- 
tions of  the  ac5count  usually  given  of  the  wrist-joint. 

1st,  In  regard  to  the  radio-carpal  joint, — The  proximal  range 
is  more  extended  than  usually  represented.    The  lunar  in  the 
straight  position  corresponds  to  the  radial  facet  and  the  trian- 
gular fibro-cartilage,  which  together  form  a  triangular  socket  for 
\'  its  triangular  superior  surface.    Extension  of  the  range  is  a  small 

movement,  and  is  associated  with  a  displacement  towards  the 
f  radial  side  and  a  screw  movement  of  the  lunar,  as  described  by 

•  Meyer.i    The  result  is,  that  the  scaphoid  is  carried  towards  the 

palmar  aspect,  and  the  pyramidal  towards  the  dorsal,  till  it  plays 
on  the  fibro-cartilage.  In  adduction,  the  lateral  displacement 
and  screw  movement  are  carried  out,  only  with  a  still  less  degree 
of  extension  than  in  pure  extension.  The  semilune  for  the  head 
of  the  OS  magnum  thus  does  not  move  in  a  simple  transverse 
axis,  but  is  so  rotated  that  it  looks  more  directly  downwards 
than  it  does  in  the  straight  position.^ 

Flexion  of  the  range  is  a  more  extensive  movement ;  and  it  is 
associated,  as  the  return  from  full  extension  is  initiated,  by  a 
displacement  towards  the  ulnar  side,  with  an  undoing  of  the 
screw  movement.  The  scaphoid  comes  to  lie  nearer  the  dorsal 
aspect,  and  the  pyramidal  is  carried  more  towards  the  palm. 
The  range  is,  by  means  of  this  mechanism,  adjusted  to  certain 
movements  of  the  second  range,  much  in  the  manner  of  a  menis- 
cus, as  Meyer  ^  put  it,  though  he  did  not  describe  its  relation  to 
the  lateral  movements  of  the  joint. 

Besides  these  points,  there  is  the  already  mentioned  rotation 
of  the  scaphoid  on  the  limar.  This  is  possible  owing  to  the 
laxity  of  the  scapho-lunar  interosseous  ligament,  which  is  some- 
times absent,  and  also  to  the  weakness  of  the  palmar  ligament. 
The  dorsal,  on  the  other  hand,  is  a  strong  band ;  and  I  have  in 
some  cases  observed  it  passing  in  between  the  bones  to  form  a 
dorsal  interosseous  ligament.  The  bones  are  bound  firmly  at 
their  dorsal  ends  in  such  a  way  that  free  rotation  towards  the 
palm  is  allowed,  but  the  movement  is  checked  by  the  dorsal 
ligament,  when  it  is  attempted  to  extend  the  scaphoid  beyond 
the  position  in  which  its  long  axis  stands  in  a  line  with  the 
radius. 

^  Loe,  cU,  '  Cf,  Photogi'aphs  iii  and  v. 
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There  is  also  a  movement  of  the  pyramidal  on  the  lunar,  by 
which  it  is  carried  on  its  triangular  surface  downwards,  but 
there  is  only  slight  rotation.     It  comes  into  play  in  abduction. 

2nrf.  The  intercarpal  joint, — The  alternating  concavo-convex 
facets  are  not  adapted  closely  to  one  another,  when  the  axis  of 
the  hand  is  in  a  line  with  the  forearm,  and  the  hand  lies  in  the 
same  plane  as  the  forearm.  Besides  the  ulnar  'incongruity,' 
we  must  again  refer  to  the  incomplete  contact,  between  the 
trapezium  and  trapezoid  and  the  scaphoid,  and  also  to  the  manner 
in  which  the  latter  grasps  the  os  magnum,  although  there  is  not 
accurate  contact  in  the  *  straight  position '  between  the  two. 

If  the  inferior  aspect  of  the  proximal  range  be  examined, 
(fig.  E),  besides  the  character  of  the  articular  surface  on  the 
pyramidal,  it  is  to  be  noticed  that  the  borders  of  the  semilune 
of  the  lunar  are  practically  parallel,  that  the  dorsal  and  palmar 
borders  lie  oblique  to  them,  and  that  the  curvature  is  not 
identical  throughout.     The  dorsal  and  radial  part  is  less  steep. 

The  '  socket  *  formed  by  the  scaphoid,  lunar,  and  the  triangular 
concave  portion  of  the  articular  surface  of  the  pyramidal 
presents  an  antero-posterior  and  a  transverse  concavity,  the 
axes  of  which  are  at  right  angles  to  one  another. 

The  *  head '  is  formed  by  the  os  magnum  and  the  tip  of  the 
unciform  and  triangular  convex  surface  on  its  ulnar  side.  It 
is  rounded  in  every  direction.  The  borders  of  the  semilunar 
convexity  on  the  head  of  the  os  magnum  are  not  parallel;*  and 
further,  the  breadth  of  this  convexity  corresponds  to  the  breadth 
of  the  semilune  in  which  it  plays  only  at  its  dorsal  end,  while 
anteriorly  it  is  considerably  broader,  and  overlaps  the  furrow 
for  the  unciform  on  the  one  hand,  and  the  scaphoid  on  the  other. 
The  dorsal  part,  and  the  oblique  surface  for  the  scaphoid,  are 
not  in  play  in  the  straight  position.  Further,  the  long  axes  of 
the  facets  on  the  scaphoid  for  the  trapezium  and  trapezoid  are 
nearly,  though  not  quite,  parallel  to  the  long  axis  of  the  trans- 
verse concavity. 

The  *head,'  as  far  as  the  surfaces  are  concerned,  may  be 
described  as  capable  of  moving  freely  round  the  axis  of  the 

'  The  carpal  boneB  are  subject  to  some  variation  in  respect  of  these  points ;  but 
in  a  carpus  with  weU  developed  bones,  such  as  the  one  from  which  the  illustra- 
tions have  been  taken,  the  conditions  are,  generaUy,  as  I  have  described. 
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antero-posterior  concavity,  less  freely  round  the  axis  of  the  trans- 
verse concavity,  and  of  some  degree  of  rotation  round  its  longi- 
tudinal axis. 

The  only  part  of  the  intercarpal  joint  in  which  the  surfaces 
are  in  close  contact  is  the  articulation  between  the  head  of 
the  OS  magnum  and  lunar.  The  second  range,  with  the  hand, 
moves  round  the  axis  of  this  articulation  —  in  an  oblique 
plane — from  the  radial  to  the  ulnar  side.  In  extension  from 
the  middle  position,  the  hand  would  be  carried  towards  the 
ulnar  side,  were  it  not  that,  owing  to  the  difference  in 
curvature  described  above,  a  rotation  of  the  'head'  takes 
place.  This  brings  the  unciform  into  contact  with  the  lunar, 
and  the  whole  range  into  a  more  strictly  transverse  axis.  The 
dorsal  border  of  the  unciform,  gliding  down  on  the  pyramidal, 
tends  further  to  increase  the  rotation.  Meantime,  extension  of 
the  proximal  range  has  set  in,  with  its  radial  displacement  and 
screw  movement,  so  that  the  hand  is  brought  into  the  strictly 
transverse  axis,  while  the  'meniscus'  is  kept  accurately  applied 
to  the  second  range.  Movement  has  now  ceased  at  the  ulnar 
side;  but  owing  to  the  rotation  of  the  'head,'  the  trapezium 
and  trapezoid  are  prevented  from  coming  into  complete  play 
with  the  scaphoid.  Some  movement  is  therefore  still  possible 
at  the  radial  side ;  the  trapezium  and  trapezoid  glide  into 
complete  contact  with  the  scaphoid,  the  rotation  is  undone,  and 

the  hand  stands  in  strained  extension,  slightly  in  the  abducted 
position. 

In  flexion  from  the  middle  position,  on  the  other  hand,  there 
would  be  a  movement  towards  the  radial  side ;  but  as  flexion 
proceeds,  and  the  os  magnum  comes  in  contact  with  the  embra- 
cing point  of  the  scaphoid,  the  whole  range  is  displaced  to  the 
ulnar  side — till  the  unciform  and  pjrramidal  come  into  contact 
— by  the  necessary  rotation  of  the  os  magnum  on  its  longitudinal 
axis.  Thus  the  hand  in  extreme  flexion  is  somewhat  adducted,  so 
that,  in  the  movement  from  extreme  extension  to  extreme  flexion, 
it  is  carried  in  an  oblique  plane  round  a  transverse  axis  from 
the  radial  to  the  ulnar  side,  which  is  also  directed  backwards — 
in  short,  round  an  axis  closely  corresponding  to  Henke's.  But 
in  the  joint  itself  this  movement  is  not  one  round  a  simple  axis 
in  that  line.     It  is  a  movement  round  the  axis  of  the  lunar 
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semilune,  directed  from  the  radial  to  the  ulnar  side  and  forwards, 
associated  with  rotation  of  the  head. 

With  regard  to    the  lateral    movements,  they  take  place 

romid  the  axis  of  the  transverse  concavity.    This  movement 

is  manifestly  possible  from  the  straight  position  towards  the 

ulnar  side.    The  trapezium  and  trapezoid  are  carried  off  the 

scaphoid,  the  unciform  gUdes  on  the  pyramidal  till  its  apex  comes 

in  contact  with  the  lunar,  and  the  palmar  and  ulnar  concavity 

engages  with  the  corresponding  convexity  on   the  pyramidal. 

So  far  there  ia  no  rotation,  or  at  least  very  little  rotation,  of 

the  *  head.'    But  in  complete  adduction  there  is  an  extension  of 

the  unciform  on  the  pyramidal,  and  a  rotation  of  the  'head.' 

Meantime,  the    proximal    range    is    displaced    to  the    radial 

side,   and    undergoes    its    screwing    movement,    so    that    the 

semilune  is  kept  in  the  same  relation  to  the  head  of  the  oe 

magnum.    In  radial  flexion,  the  lateral  movement  of  the  os 

magnum  would  be  impossible,  but  for  the  flexion  of  the  scaphoid 

on  the  lunar.    The  effect  of  this  is  to  carry  away  the  facets  for 

the  trapeziimi  and  trapezoid  from  these  bones,  to  make  the 

scaphoid  grasp  the  os  magnum  more  closely,  to  displace  its  tip 

towards  the  palm,  and  bring  its  curvature  for  the  side  of  the  os 

magnum,  more  into  the  antero-posterior  axis.     Thus  the  os 

magnum  is  so  far  released  from  the  scaphoid,  and  rotates  on 

its  oblique  antero-posterior  axis  in  such  a  maimer  as  to  carry  the 

tip  of  the  unciform  further  away  from  the  lunar,  the  trapezium 

and  trapezoid  over  their  facets  on  the  scaphoid. 

When  the  movement  is  attempted  in  the  plane  of  the  forearm, 
it  is  very  limited,  for  the  long  axes  of  the  facets  on  the  scaphoid 
are  not  exactly  parallel  with  the  direction  of  the  displacement ; 
but  if  abduction  be  continued,  rotation  round  the  longitudinal 
axis  of  the  'head'  takes  place,  the  trapezium  and  trapezoid 
glide  into  complete  contact  with  the  scaphoid.  There  is,  in 
fact,  extension  of  these  bones  on  the  flexed  scaphoid.  In  the 
proximal  range  there  is  little  movement, — only  a  further  undoing 
of  the  screw  action, — so  that  the  semUune  is  kept  adjusted  to  the 
rotated  head  of  the  os  magnum. 

Thus  abduction  is  partially  as  Henke  described — an  extension 
of  the  second,  and  a  flexion  of  the  first  range ;  but  at  the  same 
time  there  is,  owing  to  the  movement  round  the  antero-posterior 
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axis  and  the  rotation  of  the  head,  a  movement  towards  the  palm 
or  flexion  at  the  ulnar  side,  just  as  in  ulnar  flexion  there  is 
extension  at  the  ulnar  side,  and  flexion  at  the  radial  side  of  the 
articulation. 

If  the  hand  be  carried  from  extreme  abduction  (really  dorso- 
radial  flexion)  to  extreme  adduction  (really  dorso-ulnar  flexion), 
this  alternate  flexion  and  extension  of  the  borders  of  the  hand 
can  be  readily  demonstrated.  Within  certain  limits  aU  degrees 
of  flexion  and  extension  may  be  combined  with  the  lateral 
movements.  In  complete  flexion,  lateral  movements  cannot  be 
spontaneously  ioitiated,  because  the  trapezium  and  trapezoid 
are  locked  on  the  scaphoid,  and  the  anterior  border  of  the 
unciform  on  that  of  the  pyramidal ;  but  they  can  be  produced 
by  the  application  of  external  force,  owing  to  the  laxness  of  the 
whole  articulation  in  this  position. 

In  complete  extension  they  cannot  be  initiated,  either  spon- 
taneously or  by  force,  owing  to  the  complete  locking  of  the  whole 
articulation. 

Further,  if  the  adducted  hand  be  extended,  it  passes  into 
the  position  of  pure  extension.  This  is  due  to  the  undoing  of 
the  rotation  of  the  '  head,'  and  to  extension  proceeding  at  the 
radial  side  until  the  adduction  is  entirely  rectified.  If  the  fully 
abducted  hand  be  flexed  on  the  other  hand,  it  passes  into  the 
position  of  pure  flexion  because  of  the  undoing  of  the  lateral 
movement  and  rotation  of  the  'head,'  as  the  os  magnum 
engages  with  the  scaphoid  as  already  described. 

Thus,  starting  from  the  position  that  during  life  the  carpal 
ranges  axe  released  from  one  another,  the  interpretation  of  the 
movements  of  the  carpal  ranges  in  the  light  of  this  series  of 
photographs,  gives  a  fairly  complete  and  simple  picture  of  its 
mechanism,  which  is  strictly  in  keeping  with  the  peculiarities  of 
its  structure,  and  is  consistent  with  Henle's  ^  description  of  the 
fundamentcd  character  of  the  intercarpal  joint. 

Henle  described  abduction  as  taking  place  in  the  intercarpal, 
adduction  in  the  radio-carpal  joint;  and  this  is  quite  true  if 
we  start  from  the  'middle  position'  of  Meyer,  in  which  the 
unciform  is  in  contact  with  the  pyramidal.    (Photograph  iiL) 

Much  of  the  above  description  has  been  a  reiteration  of  old 

1  Henle,  loc*  ciL 
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facts  in  a  new  light ;  but  it  provides,  I  believe,  a  picture  of  the 
mechanism  of  the  joint  more  in  keeping  with  the  anatomical 
relations  of  its  elements,  and  I  am  not  aware  that  the  possibility 
of  a  lateral  movement  of  the  head  of  the  os  magnum  has  been 
before  described. 

Still  further,  in  accepting  such  an  account  of  the  mechanism 
of  the  joint,  we  have  also  an  explanation  of  certain  points  in 
the  arrangement  of  both  ligaments  and  muscles. 

The  ligaments  of  the  radio-carpal  £uid  intercarpal  joints  are 
lax,  and  allow  of  very  free  play  of  the  ranges.  We  have  seen 
that  the  lunar  and  pyramidal  do  not  change  their  relative 
positions,  and  they  undergo  less  displacement  than  any  of  the 
other  bones  except  the  os  magnum.  Hence,  most  of  the 
stronger  bands  in  both  dorsal  and  palmar  radio-carpal  ligaments 
pass  to  these  bones,  some  fibres  passing  on  to  the  os  magnum. 
Moreover,  the  former  pair  in  adduction,  and  in  extension,  pass 
towards  the  radial  side ;  hence  the  fibres  are  mostly  oblique  from 
the  radius  to  the  pyramidal.  It  is  also  striking  that  on  both 
dorsal  and  palmar  aspects  the  intercarpal  ligaments  converge 
on  the  neck  of  the  os  magnum,  the  palmar  series  receiving  the 
name  of  the  '  ligamentum  radiatum.' 

This  is  quite  in  keeping  with  the  view  that  there  is  a  rotation 
in  all  directions  of  the  head  of  the  os  magnum,  and  is  an  unin- 
telligible arrangement  if  only  flexion  and  extension  be  allowed. 

The  extensor  muscles  of  the  wrist,  from  their  relations  and 
attachments,  are  certainly  more  efficient  than  the  flexors  in 
producing  lateral  movements.  The  flexor  carpi  radialis,  from 
its  oblique  position,  is  much  more  of  a  pure  flexor  than  an 
abductor ;  while  the  flexor  carpi  ulnaris  can  only  have  an  indirect 
action  on  the  distal  range,  and  will  be  effectual  chiefly  in  pro- 
ducing the  radial  displacement  of  the  proximal  range. 

In  the  attachments  and  relations  of  the  tendons  of  the 
extensors,  on  the  other  hand,  we  have  just  the  muscular 
mechanism,  which  would  contribute  to  the  kind  of  rotation 
of  the  hand  with  the  distal  range,  on  the  'head'  formed  by 
the  06  magnum  and  tip  of  the  unciform,  in  the  socket  of  the 
first  range,  which  has  been  attributed  above  to  the  intercarpal 
joint. 


THE  *FOKNIX  SUPEEIOR'  By  G.  Elliot  Smith,  M.D, 
Ch.M.  (Sydney),  ('  James  King '  Research  Scholar  of  the 
UtiiversUy  of  Sydney). 

The  knowledge  that  the  septum  pellucidum  contains  nerve 
fibres  within  its  tissues  is  as  old  as  the  science  of  histology 
itself.  But  although  an  almost  continuous  succession  of  histolo- 
gists,  from  Malpighi  onwards,  have  recorded  the  existence  of 
such  fibres,  it  has  been  reserved  for  anatomists  of  our  own 
time  to  afiford  the  first  accurate  information  concerning  the 
disposition  of  these  *  septal*  fibres. 

One  important  record,  however,  of  the  existence  of  these 
fibres,  which  was  made  in  1845  by  Arnold  in  his  Handhv/ch  der 
Anatoniie  des  Menschen,  appears  to  have  been  entirely  overlooked 
by  his  immediate  successors.  He  called  the  'fornix,'  'fornix 
interrmsl  in  order  to  distinguish  it  from  the  'cingulum' — 
his  'fornix  peripherictis  * ; — and  stated  that  these  two  series  of 
association-fibres  were  connected  with  one  another  by  means 
of  numerous  fibres  perforating  the  corpus  callosum. 

Within  comparatively  recent  times  Meynert,  Huguenin,  and 
Ganser  have  again  called  attention  to  the  fact  that  certain  fibres 
break  through  (durchbrechen)  the  corpus  callosum  from  above, 
in  order  to  reach  the  septum  pellucidum. 

It  is,  however,  to  the  comparative  method  that  we  are 
indebted  for  the  first  accurate  knowledge  of  these  septal  fibres, 
and  to  Stieda  belongs  the  signal  merit  of  giving  the  first 
description.  In  1869,  Stieda  described  a  bimdle  of  nerve  fibres 
Ijdng  on  each  side  of  the  mesial  plane  in  the  septum  pellucidum, 
between  the  corpus  callosum  and  psalterium,  of  the  mouse.  In 
the  clear  figures  which  illustrate  his  memoir,  he  calls  these  fibres 
*  MarJcsvibstanz  des  Gomu  Ammonis! 

In  his  investigations  concerning  the  structure  of  the  brain  of 
a  number  of  lowly  organised  mammals  in  1872,  Forel  found  this 
well  defined  strand  of  longitudinal  fibres  in  the  septmn,  which 
Stieda  had  described  three  years  previously,  and  called  it  the 
'fornix  lonyus*    He  introduced   this  name  in  order  to  dis- 
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tingniHh  the  longitudinal  from  the  commissural  fibres  of  the 
fornix,  which  he  called  ^fornix  transvermsJ  It  will  thus  be 
observed  that  Forel  intended  the  term  'fornkc  longvs '  to  apply 
to  all  the  longitudinal  uncrossed  fibres  of  the  fornix^  and  not  to 
any  special  group  of  such  fibres. 

Both  Forel  and  Stieda  r^arded  these  septal  fibres  as  pro- 
jection fibres  of  the  Ammonshom. 

Oanser,  in  his  monograph  on  the  brain  of  the  mole,  describes 
the  fornix  longvjS  (which  he  calls  *  fasciculus  arcuatus  septi 
peUvcidV)  arising  from  the  gyrus  fomicatus,  and  breaking 
through  the  corpus  callosum  to  become  lost  in  the  septum. 
Meynert  and  Huguenin  describe  a  connection  between  the  fornix 
and  the  white  substance  of  the  gyrus  fomicatus  by  means  of  fibres, 
which  pass  more  or  less  vertically  between  the  fibres  of  {i,e, 
through  the  substance  of)  the  corpus  callosum. 

In  the  Philosophical  Transactions  for  1891,  Beevor  says 
(p.  182)  that  some  of  the  fornix  fibres  (in  Hapale\  on  being 
traced  backwards,  are  found  to — 

"  pass  above  [the  inferior  recurved  tip  of  the  splenium]  and  enter  into 
the  posterior  part  of  the  corpus  callosum,  where  they  have  a  direction 
at  nght  angles  to  its  transversely  cut  fibres,  and  thus  separate  off  the 

splenium  from  the  main  body  of  the  corpus  callosum The 

individual  [perforating]  fibres  of  the  fornix  can  be  traced  as  far  as  the 
saperior  surface  of  the  posterior  part  of  this  structure  [corpus  callosum], 

but  what  their  ending  may  be  cannot  be  ascertained They 

do  not  seem  to  be  continuous  with  the  cingulum,  as  has  been  described 
by  Huguenin  [and  Meynert],  " 

In  March  1895,  Oskar  Vogt  published  an  important  memoir 
C  Ueber  Fasersysteme  in  den  mittleren  und  caudalen  Balken- 
abechnitten,"  Neurologisches  CentralblaU^  No.  5),  in  which  he 
inclines  to  the  view  that  fibres  derived  from  the  striae  mediales 
Landsii  break  through  the  corpus  callosum,  to  contribute  towards 
the  formation  of  the  fornix  longvs. 

In  a  paper  published  in  the  Verhandlwngen  der  anatomischen 
GtseUachaft  in  1894,  Koelliker  described  the  fornix  longvs  in  the 
rabbit  as  ''  a  median  paired  longitudinal  fibre  mass  which  arises 
from  the  white  matter  of  the  gyrus  fomicatus,  and  the  '  lamina 
superfidalis  comu  Ammonia '  [alveus],  breaks  through  the  corpus 
calloBom  and  terminates  in  the  septum  pellucidum  and  columns 
of  the  fornix."    And  in  the  second  half  of  the  second  volume 
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of  his  Hdfidbmh  der  Gewcbdehrc  des  Menschen,  published  in 
the  summer  of  this  year,  he  gives  expression  to  similar  views, 
and  suggests  the  less  ambiguous  name  *  fornix  superior  *  for  the 
fibre  tract  under  consideration. 

The  Fornix  of  the  Ox. 

The  ^fornix  superior '  may  be  readily  demonstrated  in  (prob- 
ably) any  mammalian  brain.  It  is  more  difficult  to  find  in 
the  brain  of  man  and  microsmatic  manmials  generally,  for  the 
simple  reason  that  the  proportion  of  *  callosal '  fibres  to  fornix 
fibres  is  so  overwhelming.  But  in  most  mammals  it  is  singularly 
easy  to  find,  and  may  be  readily  demonstrated.  Thus  it  is 
easily  exposed  in  sagittal  sections  of  the  cerebrum  of  any  of  the 
'  domestic  animals.' 

Its  minute  anatomy  is  best  studied  in  sagittal  sections  of  the 
forebrain  of  such  small  mammals  as  the  mouse,  rat,  rabbit, 
kitten.  I  have  obtained  a  very  fine  demonstration  of  the  fibre 
tract  in  the  flying  fox  (Pteropus  poliocephalus). 

It  is  best  displayed  by  theWeigert  stain,  or  some  modification 
of  it.  (Kultschitzky's  method  has  been  found  to  yield  very 
good  results.) 

In  large  macrosmatic  brains,  such  as  that  of  the  ox,  the  main 
facts  concerning  the  fornix  longus  may  be  readily  demonstrated 
to  the  naked  eye  in  a  mesial  sagittal  section  of  a  cerebrum 
(preferably  one  that  has  been  hardened  in  some  chromium-salt). 

In  figure  1  such  a  section  is  represented  twice  the  natural 
size,  the  nerve  fibres  being  shown  as  they  are  seen  in  sections 
magnified  with  a  Zeiss  D  objective.  The  outlines  of  the  fimbria 
and  fascia  dentata  are  indicated  as  they  are  seen  in  perspective 
in  a  view  of  the  mesial  aspect  of  the  separated  hemisphere. 

The  fascia  dentata  {F^D)  is  bounded  posteriorly  by  the 
hippocampal  fissure  (/A),  and  presents  two  distinct  flexures. 
Its  inferior  extremity  curves  forwards  with  a  large  sweep,  and 
at  the  same  time  tapera  to  form  the  narrow  grey  band  (&.&), 
whose  homologue  in  the  human  brain  is  the  'handelette  de 
Vuncus*  or  the  ^band  of  Oiacomini!  Dorsally,  the  fascia 
dentata  becomes  very  closely  applied  to  the  ventral  aspect  of 
the  great  dorsal  commissure,  where  it  undergoes  a  very  sudden 
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bending  (jZa;),  and  curves  around  the  ventral  aspect  of  the 
splenium  (sjjQ,  at  the  same  time  tapeting  to  form  the  fasciola 
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Fig.  1.— Brain  of  Ox. 
cinerea  {/asc).    The  hippocampus  (of  which  the  fascia  dentata 
fonns  part)  undergoes  a  corresponding  infra-splenial  bending. 
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Fic.  2, — Scheme  o!  Fibres  id  Ox. 
which  may  be  distinguished  as  the  '  hippocampal  flexure.'    The 
hippocampus,  being  bulged  into  the  descending  horn  of  the 
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lateral  ventricle,  is  not  (apart  from  the  fascia  dentata)  visible 
upon  the  surface  of  the  brain-  For  convenience  of  description, 
the  hippocampus  may  be  divided  into  two  parts: — (i.)  the 
hippocampal  flexure,  and  (ii.)  the  rest  of  the  hippocampus,  which 
may  be  called  the  'ventral  limb/  The  latter  in  all  higher 
mammals  constitutes  almost  the  whole  of  the  hippocampus. 
The  hippocampus,  however,  does  not  stop  at  the  splenium,  but 
is  continued  on  to  the  dorsum  of  the  corpus  callosum  as  a  thin 
degenerate  grey  covering  {induseum\  which  contains  the  strise 
longitudinales.  This  grey  covering  represents  the  hippocampus 
{not  the  fascia  derUaia  onhj^  as  writers  generally  assert),  which 
has  degenerated  as  a  result  of  the  enormous  stretching  to  which 
it  has  been  subjected  by  the  elongation  of  the  dorsal  commissure 
(corpus  callosum).  (iiL)  This  thin  grey  band  forms  a  third 
hippocampal  segment,  and  may  be  called  the  *  dorsal  limb.' 

Tlie  Fornix  Fibres, 

The  fibres  which  cover  the  ventricular  surface  of  the  *  ventral 
limb'  of  the  hippocampus  collect  to  form  a  very  prominent 
white  band — the  fimbria  {Fi) — which  is  placed  in  front  of  the 
fascia  dentata.  These  fibres  arch  round  to  the  postero-inferior 
border  of  *  septum  pellucidum  *  {sept),  which  they  all  enter.  A 
considerable  portion  of  these  fibres  of  the  fimbria  assume  a  trans- 
verse direction  as  soon  as  they  reach  the  'septum,'  and  form 
the  main  bulk  of  the  psalterium  {ps').  The  other  (non-crossing) 
fimbria  fibres  pass  forwards  in  the  septum  between  the  transverse 
fibres,  and  arch  forwards  and  downwards  (/./)  immediately  in 
front  of  the  latter  {p^).  Thus  the  longitudinal  fornix  fibres 
derived  from  the  fimbria  (or  posterior  pillars  of  fornix)  break 
through  {i.e.y  pass  between  the  fibres  of)  the  psalterium  to  reach 
the  septum  pellucidum. 

The  fibres  which  are  connected  with  (i.e.,  form  the  alveus  of) 
the  *  hippocampal  flexure '  {fixi)  may  be  divided  (like  the  fibres 
derived  from  the  fimbria)  into  commissural  and  longitudinal 
groups.  The  transverse  or  commissural  fibres  in  part  form  a 
narrow  bridge  {psT)  extending  from  the  main  bulk  of  the 
psalterium  {ps')  to  the  ventral  part  of  the  splenium  {ps"'). 
The  rest  of  the  commissural  fibres  derived   from  the  infra- 
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splenial  part  of  the  hippocampTis  are  mixed  with  numerous 
fibres  of  another  origin  (pallium)  to  form  the  ventral  part  of 
the  splenium  (ps''').  The  longitudinal  uncrossed  fibres  derived 
from  the  alveus  of  the  hippocampal  flexure  extend  upwards 
hetween  the  commissural  fibres  derived  from  the  corresponding 
parts  of  th^  hippocampus  to  enter  the  narrow  strip  of  grey 
matter  (septum  pellucidum)  which  fills  up  the  gap  between 
psalterium  and  corpus  callosum.  Here  the  longitudinal  fibres 
assume  a  horizontal  direction,  but  soon  curve  downwards  in  the 
septum  and  associate  themselves  with  the  longitudinal  fibres 
derived  from  the  fimbria  to  form  one  bundle  of  uncrossed  fibres 
(/./),  which  is  the/oTTiwj  long%Ls  in  the  sense  of  Forel. 

By  analogy,  one  might  expect  to  find  two  series  of  fibres 
springing  from  the  'dorsal  limb'  of  the  hippocampus.  But 
here  the  conditions  are  somewhat  different.  In  the  Marsupialia 
(fig.  3)  and  certain  Cheiroptera  {Nyctophilus  timoriensis),  the 
dorsal  limb  of  the  hippocampus  (fig.  3,  c.A)  is  not  degenerated, 
and  the  arrangement  of  its  '  fornix '  fibres  is  analogous  to  that 
of  the  ventral  limb.  In  other  words,  its  uncrossed  fibres  (fig.  3 
in  the  'septum*  [s^t])  pass  between  the  crossing  fibres  to 
enter  the  '  septum.'  But  in  the  higher  Mammalia,  the  invasion 
of  the  dorsal  limb  of  the  fornix  commissure  (fig.  4,  ps^  by 
a  rapidly  increasing  number  of  non-hippocampal  fibres  (ie., 
fibres  from  the  pallium)  complicates  matters  considerably.  In 
the  first  place,  the  disproportion  between  the  number  of  hippo- 
campal and  non-hippocampal  fibres  in  the  great  commissure 
would  render  the  recognition  of  the  former  practically  im- 
possible. Then,  again,  the  great  stretching  and  consequent 
atrophy  of  the  'dorsal  limb'  of  the  hippocampus  of  most 
Eutheria  would  furthur  diminish,  if  it  did  not  entirely  abolish, 
the  hippocampal  factor  in  the  corpus  callosum  proper  (as  far  as 
commissural  fibres  are  concerned).  It  is  therefore  impossible 
to  say  whether  any  hippocampal  commissural  fibres  exist  in 
the  corpus  callosum,  apart  from  the  splenium  (and,  of  course, 
pealterium),  where  they  can  be  demonstrated. 

But  the  case  of  the  uncrossed  fibres  is  very  different.  It  can 
be  readily  shown  in  sagittal  sections  that  fibres  springing  from 
the  stria  mediaiis  Landsii  {s.mX)  (which  is  the  '  fimbria '  of  the 
*  dorsal  hippocampus ')  pass  more  or  less  vertically  from  above 
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(lownwardfl  between  the  transverse  fibres  of  the  corpus  callosum 
to  enter  the  septum.    Fibres  also  spring  from  parta  of  the 
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(legenerated  dorsal  hippocampus  on  the  outer  side  of  the  stria 
medinlis  and  behave  in  a  similar  manaer.     Tliese  '  perforating 
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fibres '  (/p)  break  throogh  the  corpus  coUoenm  from  above,  and 
in  the  aeptum  associate  themselTea  with  the  other  toogitudinal 
fibres  of  the  fornix.  In  the  r^oa  of  the  eplenium  these  '  per- 
forating fibres'  are  more  numerous,  for  two  reaaons : — (1) 
because  the  hippocampus  is  not  degenerated  to  the  same  extent 
that  it  is  towards  the '  genu ';  and  (2)  because  many  fibres  appear 
to  extend  from  the  hippocampal  flexure  around  the  splenium 
before  they  perforate  the  corpus  callosum  to  join  the  fomise 
mperior  {fsup). 
The  fornix  superior  therefore  consists  of  those  lon^tudiual 
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Fio.  4, — Scheme  o(  Fibres  in  Peravules. 

(i.e.,  unciOBsed)  fibres  of  the  fornix  which  spring  from  the '  hippo- 
campal  Qexore '  and  the  '  dorsal  limb  of  the  hippocampus.' 

All  fornix  fibres  may  be  divided  into  two  groups: — (1) 
commissural  ('fomic  transversus '  of  Forel),  and  (2)  loo^tudinal 
{'fornix  longus '  of  Forel). 

In  the  higher  mammals  all  the  longitudinal  fibres  enter  the 
septum  pellucidum,  where  they  may  be  divided  into  two  (or 
perhaps  three)  groups. 

(a)  The  largest  group  of  fibres  converges  behind  the  vaUral 
(aoK^Iled  'arUerior')  commissu7-e  to  form  the  columna  fomicis 

(«/)• 

(h)  A  considerable  but  more  scattered  strand  of  fibres  passes 
in  front  of  the  ventral  commissure.  These  are  the  precommis- 
mralfbres  (pf). 

(c)  There  is  probably  a  third  series  of  fibres  which  arise  or 
terminate  in  the  '  septum '  itself.    But  of  this  nothing  definite 
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is  known.  But  the  '  septum '  consists  in  most  mammals  of  a 
large  grey  mass,  which  contains  numerous  polymorphous  nerve 
cells,  whose  axis  cylinder  processes  mingle  with  the  fornix  fibres. 

From  this  account  of  the  arrangement  of  fibres  in  the  ox- 
brain,  it  is  evident  that  all  the  longitudiTud  uncrossed  fibres  of  the 
fornix  break  through  some  part  of  the  great  dorsal  commissure 
(psalterium,  splenium,  or  corpus  callosum,  as  that  term  is 
generally  understood)  in  order  to  rea/ih  the  septum.  These 
fibres  constitute  the  true  fornix  longvs.  The  fornix  superior 
consists  of  those  fibres  of  the  fornix  hngus  which  do  not  pass 
through  the  main  mass  of  the  psalterium,  but  break  through  a 
commissure  of  non-hippocampal  or  a  mixture  of  the  latter  and 
hippocampal  fibres  {i.e,y  corpus  callosum  cmd  its  splenium). 

A  few  fibres  of  the  fornix  do  not  pass  through  any  commissure. 
In  the  marsupial  (fig.  4a)  these  fibres  spring  directly  from  the 
most  anterior  part  of  the  hippocampus,  and  pass  downwards  to 
their  destinations  in  front  of  the  commissures.  The  correspond- 
ing fibres  in  the  higher  mammal  (fig.  2a)  become  pushed  for- 
ward by  the  extending  genu  corporis  callosi,  but  their  essential 
disposition  is  unaltered,  i,e,,  they  spring  from  the  anterior 
extremity  of  the  stria  mesialis  LancisiL 

The  figures  and  schemes  which  accompany  this  paper  are 
largely  complementary  to  the  written  account,  many  details 
which  are  not  referred  to  in  the  text  being  graphically  repre- 
sented in  the  illustrations. 

Two  widely  separated  types  have  been  thus  presented  in  order 
to  bring  into  prominence  the  efifects  of  (i)  a  replacement  of  hippo- 
campal by  non-hippocampal  (pallial)  in  the  dorsal  limb  of  the  dor- 
sal commissure  (fig.  4,^5*^),  and  (ii)  the  elongation  of  this  structure 
owing  to  the  rapid  increase  of  the  'invading'  fibres.  The 
relation  of  the  ventral  limb  of  the  fornix  commissure  (fig.  4,  pf) 
to  the  *  septum '  in  the  marsupial  is,  to  all  intents  and  purposes, 
identical  with  that  of  the  main  mass  of  the  psalterium  (ps',  figs. 
1  and  2)  in  the  higher  mammal.  But  the  rapid  backward 
extension  of  the  'corpus  callosum'  is  not  accompanied  by  a 
corresponding  extension  of  the  psalterium,  which  therefore 
becomes  greatly  thinned  at  its  junction  (ps")  with  the  splenium 
ips-"). 

At  the  same  time,  in  spite  of  all  these  differences  of  a 
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topographical  nature,  the  general  plan  of  arrangement  of  the 
fornix  fibres  remams  unchanged  in  the  transition  from  Meta-  to 
£u-theria,  just  as  the  former  is  identical  in  its  general  plan  with 
the  Prototherian  and  Sauropsidan  types. 

In  fact,  in  one  Eutherian  order — the  Cheiroptera — ^representa- 
tives of  the  two  types  (figs.  4  and  2)  are  foimd  in  Pteropm  and 
others  on  the  one  hand,  and  in  NydophUus  on  the  other.  In 
man  the  conditions  differ  only  in  degree  from  those  of  the  ox. 
Thus  the  greater  backward  extension  of  the  corpus  callosum  and 
the  diminution  in  size — both  relative  and  absolute — of  the 
hippocampus  and  fombc  combine  to  reduce  the  psalterium  (fig. 
5,  jw*  and  ps")  to  a  very  thin  membrane  of  supporting  tissue, 
containing  only  scattered  commissural  fibres.  In  a  sagittal 
section  the  human  splenium,  instead  of  forming  a  bilaminar 
structure,  appears  to  the  naked  eye  to  be  solid,  and  is  generally 
represented  in  figures  as  a  somewhat  club-shaped  posterior 
extremity  of  the  corpus  callosum.  Zuckerkandl  even  goes  so 
tar  as  to  say  that  it  differs  from  that  of  most  mammals  in  this 
respect,  and  graphically  represents  the  supposed  differences  in 
two  extremely  crude  schemes  {Ueber  das  mechcentrum,  schemata 
13  and  14,  pp.  64  and  65).  The  splenium  of  the  human  corpus 
callosum,  however,  is  distinctly  bilaminar,  just  like  that  of  any 
other  mammal,  and  presents  a  well-marked  inferior  recurved 
portion  (fig.  5,  ps'")  composed  of  *  pallial '  mixed  with  a  very  few 
*  hippocampal '  fibres.  This  recurved  portion  is  separated  from 
the  main  mass  of  the  corpus  callosum  by  a  small  splenial  recess, 
which  is  occupied  in  the  mesial  plane  by  an  extension  of  the 
septum  pellucidum.  The  *  septum '  in  this  little  recess  contains 
a  mass  of  fibres  of  the  fornix  svperior  (fig.  6),  and  it  is  this  mass 
of  fibres  filling  up  the  gap  between  corpus  callosum  and  recurved 
splenium  (fig.  6,  ps'")  that  gives  the  solid  appearance  (to  the 
naked  eye)  of  the  human  splenium.  A  magnified  sagittal 
section,  such  as  (fig.  6),  immediately  reveals  the  bilaminar 
nature  of  the  splenium,  and  its  resemblance  to  the  arrangement 
in  other  mammals. 

In  this  Joumai,  I  announced  last  year  ("  The  Morpholep  of 
the  True  Limbic  Lobe,  &c.,'*  voL  xxx.)  the  discovery  of  a  fornix 
hngus  in  the  human  brain.  Eoelliker  has  since  then  (Getoebe- 
Wire)  described  it,  and  figured    that    portion    which   breaks 
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through  the  'body'  of  the  corpus  callosum.  In  &g.  6  that 
portion  of  the  fornix  superior  which  brealffl  through  the  human 
Bpleuium  ia  represented. 

Koelliker,  like  Ganser,  Meynert,  and  Huguenin  before  him, 
attributes  to  the  fornix  longus  an  origin  from  the  gyrus  fomicatuB. 
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Fio,  5. — Scheme  of  Unmui  CommisniTea. 

In  the  account  given  in  this  paper  I  have  not  referred  to  any 
such  origin,  because  I  have  failed  to  clearly  establish  it.  Al- 
though in  certain  sagittal  sections  appearances  lend  themselves 
very  deceptively  to  such  a  conclusion,  I  have  not  found  any 
supra-callosal  connections  of  the/omio:  superior  apart  from  those 
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which  it  estabhsbes  with  the  striee  Lancisii  and  [other  fibres  of 
the  '  dorsal  limb '  of  the  hippocampus  (which  do  not  belong  to 
the  gyrus  fornicatus,  but  to  the  fornix  system). 
In  r^ard  to  the  lower  mammals  (marsupials),  it  can  be 
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definitely  stated  that  no  such  connection  exists.  And  before  it 
is  admitted  that  fornix  fibres  extend  their  area  of  origin  to  a 
wider  and  histologically  distinct  cortical  field,  very  definite  and 
unequivocal  evidence  must  be  forthcoming. 

Concerning  the  Functions  of  the  Fornix, 

The  fornix  consists  of  a  series  of  association,  commissural,  and 
projection  fibres  of  the  hippocampus.  The  hippocampus  is 
intimately  associated  with  the  smell  apparatus  by  means  of  some 
of  the  precommissural  fibres. 

But  whereas  the  fascia  dentata  varies  almost  directly  with 
the  d^ree  of  '  osmatism/  and  almost  completely  disappears  in 
anosmatic  animals,  the  hippocampus  proper  not  only  does  not 
vary  in  size  directly  with  the  degree  of  macrosmatism,  but 
exists  in  a  well-developed  form  in  anosmatic  animals.  Notwith- 
standing this,  the  hippocampus  is  relatively  large  in  macrosmatic 
animals.  From  this,  one  might  infer  that  the  fascia  dentata  is 
wholly,  but  the  hippocampus  only  partly,  given  up  to  the 
olfactory  function. 

The  fornix,  being  the  association  system  of  the  hippocampus, 
must  be  partly  olfactory  in  function ;  but  as  it  exists  in  a  well- 
developed  form  in  anosmatic  animals,  it  cannot  be  wholly 
olfactory. 

No  special  series  of  fornix  fibres  are  wholly  olfactory,  since 
representatives  of  them  all — commissural  and  longitudinal  (fornix 
longus,  fornix  superior,  striae  Lancisii,  columna  fomicis,  and 
precommissural  fibres) — exist  in  anosmatic  animals  (porpoise). 

Certain  of  the  precommissural  fibres  afford  a  path  by  means 
of  which  olfactory  impulses  reach  the  hippocampus  via  the 
septum  or  via  the  striae  Lancisii. 

There  is  nothing  to  indicate  what  other  function  the  hippo- 
campus may  have  to  perform. 

But  fibres,  which  are  not  olfactory  in  function  (in  addition  to 
olfactory  fibres),  associate  the  hippocampus  with  the  region  of 
the  head  of  the  corpus  striatum  (precommissural  fibres  and 
stri»  Lancisii),  with  the  mammillary  region  (columna  fornicis), 
and  with  the  hippocampus  of  the  other  hemisphere  (psalterium). 

Fibres,  which  may  be  olfactory  in  function,  associate  the 
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hippocampus  with  the  ganglion  Habenulae  by  means  of  the 
fornix  and  stria  medullaris  thalami 

The  so-called  *  olfactory  bundle  of  the  hippocampus'  of 
Zuckerkandl  consists  of  the  precommissural  fibres  of  the  fornix, 
and  is  mainly  norirolfactory,  since  it  exists  in  a  well-developed 
form  in  anosmatic  mammal& 

Since  the  fornix  is  thus  a  heterogeneous  system  of  fibres,  one 
is  not  justified  in  concluding  that  a  region  of  cortex  is  olfactory 
in  function  because  it  is  connected  with  the  fornix.  But 
Koelliker  (Gewebelehre,  p.  789)  argues  that  because  the  gyrus 
fomicatus  is  connected  with  the  fornix  longus  (as  he  believes) 
therefore  it  is  olfactory. 


DESCRIPTION  OF  FIGURES. 

Fig.  1.  Sagittal  section  of  cerebrum  of  ox  x  2.  Semischematic. 
Positions  of  Fascia  dentata  and  Fimbria  indicated  in  outline.  Fi, 
Fimbria;  F.D,  Fascia  dentata ; /.^  Fissura  hippocampi;  b,G,  *band 
of  Giacomini';  flx,  * hippocampal  flexure';  fasc,  Fasciola  cinerea; 
spl,  splenium  corporis  callosi ;  ps"\  ventral  part  of  splenium  (a  mix- 
ture of  a  few  hippocampal-commissural  with  very  numerous  non- 
hippocampal-commissural  fibres) ;  ps'\  scattered  fibres  of  the  psal- 
terium;  j9«',  the  main  bulk  of  the  psalterium  (^ps.  ventrdle'  of 
Honegger);  c.f,  columna  fomicis;  c.v,  commissura  verUrcUis  (seu 
anten'or);  p.f,  precommlBSural  fibres  (so-called  'olfactory  bundle'  of 
many  writers);  sept^  septum  pellucidum;  f.l,  ^fornix  longtis'  (em- 
ployed to  signify  all  the  longitudinal  uncrossed  fornix  fibres) ;  f.sup, 
*  fornix  superior '  (the  most  dorsal  fibres  of  the  fornix  longus — those 
perforating  the  splenium  and  corpus  callosum  proper) ;  fp,  fibra 
perforantes  {fornix  superior)  i  s,m,L,  stria  mesialis  longitudinalis 
(Lancisii) ;  g,  genu  corporis  callosi ;  a,  fibres  of  the  fornix  superior 
which  extend  around  the  genu  from  the  stria  Lancisii  (s.m.L)  without 
perforating  any  commissure. 

Fig.  2.  A  scheme  to  act  as  a  key  to  the  arrangement  of  the  fibres 
in  fig.  1,  and  designed  to  emphasise  the  fact  that  all  longitudinal  fibres 
of  the  fornix  system  (except  the  few  labeUed  a)  break  through  some 
part  of  the  great  dorsal  commissure  to  enter  the  septum. 

Fig.  3.  Camerarlucida  drawing  of  a  sagittal  section  of  the  forebrain 
of  Perameles  nasuta,  stained  by  Weigert-Pal  method,  to  show  the 
arrangement  of  the  Metatherian  fornix,  x  6.  olf  bulbus  olfac tonus ; 
c.A,  the  *  dorsal  limb '  of  the  hippocampus  lying  immediately  above 
the  dorsal  limb  of  the  fornix  conmussure,  which  is  stained  black  but 
is  not  labelled ;  fd,  the  fascia  dentata  of  the  '  dorsal  limb '  of  the 
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hippocampus ;  n./.c2,  the  nucleus  fascia  dentata :  immediately  below 
the  letters  are  to  be  seen  a  number  of  nerve  fibres  in  the  hilum  fasci® 
dentatae  (the  '  Wurzel  des  Alveus '  of  KoeUiker)  which  are  proceeding 
downwards  and  slightly  forwards  to  pass  through  the  dorsal  limb  of 
the  fornix  commissure  just  in  front  of  its  '  splenium '  j  cUv,  alveus ;  <;.r, 
corona  radiata ;  sept,  homologue  of  the  septum  pellucidum  of  higher 
TnamTniila ;  x,  fibres  proceeding  directly  from  the  alveus  (alv)  of  the 
'dorsal  limb'  of  the  hippocampus  to  form  some  of  the  precommis- 
sural fibres  (which  are  shown  in  the  precommissural  area,  p.a) ;  cv, 
eammissura  venirdlia  (seu  arUerior)]  to,  tuberculum  olfactorium; 
0,  optic  tract;  c./,  columna  fomicis;  cm,  corpus  mammillare;  ttm, 
tractus  thalamo-mammillaris  (Vicq-d'-Azyr);  p,  pons  Varolii;  g,h,  gang- 
lion Habenulse,  from  which  the  stria  medullaris  (unlabelled  in  the 
figure)  arches  forwards  and  downwards  between  cf  and  LUm; 
f.r,  fasciculus  retroflexus  (Meynert*s  bundle) ;  Kf,  hippocampal  fissure ; 
a,c.q, — px.q, —  corpora  quadrigemina. 

Fig.  4  is  a  scheme  constructed  to  act  as  a  key  to  fig.  3,  and  for 
comparison  with  fig.  2.  It  will  be  noticed  that  fig.  4  is  a  reverse  of 
the  commissural  region  of  fig.  3,  so  that  it  may  be  directly  compared 
with  fig.  2.  J9^,  dorsal  limb  of  fornix  commissure ;  ps"",  ventral  limb 
of  fornix  commissure;  spV,  splenium  of  fornix  commissure;  other 
references  as  in  fig.  2. 

Fig.  5.  Scheme  of  the  commissures  of  the  human  brain,  natural 
size.     Beferences  as  in  fig.  2. 

Fig.  6.  Sagittal  section  of  the  splenium  and  neighbouring  structures 
of  a  human  brain,  x  3.     Kultechitzky  stain.     Beferences  as  in  fig.  1. 
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THE  TOPOGRAPHICAL  ANATOMY  OF  THE  SPLEEN, 
PANCEEAS,  DUODENUM,  KIDNEYS,  &c.  Illustrated 
BT  A  Cast  of  these  Viscera  hardened  In  Situ.  By  A. 
Birmingham,  M.D.,  Professor  of  AncUomy,  Catholic  Univer- 
sity,  DvMvn} 

During  the  past  year  I  have  hardened  the  viscera  in  situ  in 
three  subjects.  So  thorough  was  the  hardening  in  one  of  these 
that  the  firmer  organs,  such  as  the  kidneys,  were  aknost  of  the 
consistence  of  wood,  while  the  pancreas  and  suprarenals  were 
perfectly  fixed,  and  retained  their  form  even  under  pressure. 
As  most  of  the  viscera  were  fairly  normal,  I  thought  it  well, 
for  teaching  and  other  purposes,  to  make  a  cast  of  this  speci- 
men. I  accordingly  had  one  prepared,  which,  owing  to  tbe  success- 
ful hardening,  gave  a  most  faithful  reproduction  of  the  original, 
even  to  the  '  texture '  of  the  viscera  in  the  case  of  the  pancreas 
and  spleen.  A  picture  of  the  cast,  reproduced  by  a  photographic 
process,  accompanies  this  paper ;  and  the  following  pages  will  be 
devoted  chiefly  to  a  description  of  the  organs  as  they  appear  in 
the  cast,  with  some  remarks  on  their  topography,  as  illustrated 
by  it  and  by  the  other  specimens  which  I  have  prepared.  I 
need  hardly  add,  that  no  illustration  can  give  a  true  idea  of 
such  a  structure  as  a  cast  of  the  abdominial  viscera,  with  its 
varying  outlines,  its  projections  and  recesses.  To  make  out  all 
the  points  referred  to  here,  the  cast  itself  must  be  consulted. 

I  shall  first  give  the  method  followed  in  preparing  the 
specimen  and  making  the  cast ;  the  description  and  remarks  will 
follow. 

Method. 

The  body,  that  of  a  middle-aged  male,  was  placed  on  its  back 
and  properly  supported. 

I  felt  that  the  shape  of  the  plastic  viscera  must  be  modified 
to  a  slight  d^ee  by  the  pressure  of  the  overlying  parts  when 
the  body  rests  in  this  position ;  still,  I  was  of  opinion  that  equally 

1  Read  at  the  Oxford  meeting  of  the  Anatomical  Society  of  Great  Britain  and 
Ireland,  July  1896. 
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weighty  objections  might  be  made  to  every  other  position, — ito 
the  erect,  on  account  of  the  loss  of  tone  in  the  abdominal  wall ; 
and  to  the  prone  and  lateral,  for  the  same  reasons  as  when  the 
body  lies  supine.  On  a  consideration  of  the  pros  and  cons  of 
the  case,  I  came  to  the  conclusion  that  the  latter  was  as  satis- 
factory as  any  other  position.  At  the  same  time,  I  believe  it 
would  be  well  to  check  the  results  obtained  with  the  body  in 
one  position  by  comparison  with  others  obtained  under  difiPerent 
conditions. 

The  left  common  carotid  was  opened  in  the  neck,  and  a  tube 
tied  in  the  proximal  end — the  distal  end  was  ligatured.  The 
internal  jugular  vein  of  the  left  side  was  also  opened,  and  subse- 
quently that  of  the  right.  The  openings  in  the  veins  were 
controlled  by  clips;  and  the  object  of  making  them  was,  of 
course,  to  allow  of  the  return  of  injected  fluids.  The  fluids 
were  injected  entirely  by  pressure  from  a  can  placed  about  two 
feet  above  the  level  of  the  table  on  which  the  body  lay.  The 
blood-vessels  were  first  washed  out  by  a  few  quarts  of  normal 
saline  solution.  If  this  be  not  done,  the  chromic  acid  solution 
used  for  hardening  coagulates  the  blood  in  the  vessels  and 
prevents  a  free  circulation.  After  the  washing  out,  a  solution  of 
chromic  acid  in  water,  varying  in  strength  from  J  to  1  per  cent, 
was  injected  constantly  (by  pressure,  as  explained  above),  for 
three  weeks,  the  clips  on  the  jugular  veins  being  occasionally 
relaxed  to  allow  excess  of  fluid  to  escape.  At  the  end  of  three 
weeks  the  injection  was  stopped.  There  was  by  this  time  a 
distinct  increase  in  the  prominence  of  the  abdomen,  and  in  the 
size  of  the  extremities,  &c.,  owing  to  the  infiltration  of  the 
connective-tissue  spaces  generally,  but  this  in  no  way  interfered 
with  the  shape  and  relations  of  the  viscera,  which  appeared  to  be 
little  or  not  at  all  affected.  The  abdomen,  and  subsequently  the 
thorax,  having  been  opened,  it  was  found  that  the  viscera  were 
perfectly  hardened,  and  that  such  structures  as  the  diaphragm 
were  absolutely  fixed. 

The  abdominal  cavity  having  been  fully  laid  open  without 
any  disturbance  of  the  contents,  a  photograph  was  taken.  The 
great  omentum  was  then  removed,  all  other  parts  being  un- 
disturbed, and  another  photograph  secured.  In  this  way, 
removing  part  by  part,  and  photographing  at  each  step,  the 
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state  of  thiuga  shown  in  the  illustration  waa  arrived  at  It 
would,  of  course,  have  been  well  if  the  stomach,  liver,  and  colon 
could  have  been  preserved,  but  were  this  done  little  more  than 
these  viscera  would  be  seen ;  for  this  reason  it  waa  decided  that 
ft  caat  in  which  the  viscera  mentioned  were  removed,  and  only 
those  lying  on  the  posterior  abdominal  wall  preserved,  would  be 
more  useful    The  great  veaaels  were  exposed  by  removing  the 


mesentery  and  the  peritoneum  of  the  lower  portion  of  the 
posterior  abdominal  walL  However,  the  exact  peritoneal  rela- 
tions of  the  r^ht  kidney  and  suprarenal,  of  the  diaphragm, 
pancreas,  spleen,  and  some  other  parts  were  carefully  preserved. 

The  abdomen  having  been  thus  prepared,  there  waa  made 
from  it  a  '  piece  mould,'  bearing  the  exact  impression  of  the 
varioiw  parts  of  the  specimeu.    From  this  was  subsequently 

VOL,  XXXI.  (n.s.  vol.  XI)  a 
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obtained  the  'original'  cast.^  This  original  I  went  over  in 
every  detail,  smoothing  off  irregularities,  &c.  in  the  usual  way, 
and  from  it  was  taken  a  gelatine  mould,  in  which  the  final 
casts,  such  as  that  shown  in  the  illustration  (fig.  1)  were  made. 

Description  and  Bemares. 

Liver. — None  of  the  liver  has  been  retained  in  the  cast,  for, 
reasons  already  explained;  but  in  removing  it  the  whole  of 
the  inferior  cava  was  carefully  preserved.  The  portion  of  the 
diaphragm  in  direct  contact  with  the  gland  is  clearly  indicated, 
as  are  the  termination  of  some  of  the  hepatic  veins,  and  the  recess 
in  which  the  Spigelian  lobe  lay.  This  latter  recess  is,  owing  to 
■the  preservation  of  the  cava,  very  distinct  as  a  marked  depression, 
bounded  by  the  prominent  vena  cava  on  the  right,  and  on  the  left 
by  a  prominence  of  the  diaphragm,  produced  by  the  oesophagus 
piercing  it  above,  and  by  the  aorta  lying  behind  it  lower  down. 
The  illustration  shows  this  recessus  Spigdii  indistinctly ;  but  in 
the  cast  it  is  very  well  marked,  and  is  seen  to  be  lined  by  the 
posterior  layer  of  the  upper  end  of  the  small  peritoneal  sac.  In 
removing  the  liver,  I  first  cut  the  small  omentum  and  freed  the 
left  lobe  from  all  its  connections ;  on  lifting  it  forwards  and  to 
the  right,  I  came  to  the  recess  mentioned,  which  was  completely 
filled  by  a  process  of  liver  having  a  free  anterior  surface;  I 
separated  this  piece  of  liver  easily  from  the  rest  of  the  organ  by 
cutting  along  its  right  border,  that  is,  along  the  inner  border  of 
the  cava ;  and  having  removed  the  rest  of  the  gland,  I  proceeded 
to  examine  this  process  in  detail.  I  recognised  it  as  the  Spigelian 
lobe,  but  I  found  that  it  difiiered  from  the  Spigelian  lobe  of  our 
text-books  and  of  His's  models  as  I  understand  them. 

The  Spigelian  lobe  is  described  and  represented  as  an  oblong 
mass  sculptured  on  the  posterior  surface  of  the  liver  at  the  side 
of  the  cava,  and  only  slightly  marked  off  from  the  rest  of  the 
organ  except  at  its  lower  end,  where  it  projects  prominently 
downwards.  That  is  to  say,  it  is  merely  a  part  of  the  surface  of 
the  liver  marked  off  by  certain  bounding  lines,  and  7U)t  a 
prominent  projecting  mass,  almost  completely  cut  off  from  the 
rest  of  the  gland  by  the  near  approach  towards  one  another  of 
the  fissure  of  the  ductus  venosus  running  outwards  to  the  right, 

^  This  I  have  handed  over  to  Messrs  Cassiani,  oC  WeUington  Quay,  Dublin, 
for  publication. 
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and  of  the  vena  cava  projectii^  forwards  into  the  livei  sub- 
stance. The  latter  deacription,  on  the  other  hand,  applies  exactly 
ki  the  Spigelian  lobe  in  the  specimen  from  which  the  cast  was 
prepared,  and  also,  I  believe,  to  the  aver^  state  of  the  lobe 


Fio.  'J.— EorizoDUl  B«ctian  at  level  of  11th  doisal  vertebn. — A,  aorbi;  D, 
diaphruFin ;  D.V,  fissure  of  ductus  venoaus  ;  S.L,  Spigelun  lobe  ;  V.C,  vena 
ctya.  The  leswT  omeutam  laj  in  the  fissure  D.V  as  1st  m  tha  letter  V. 
(From  a  ftvzeu  seotiOD.) 

when  in  situ.  Fig.  2  is  a  tracing  from  a  frozen  horizontal 
section  through  the  liver.  Fig.  3  shows  it  on  sagittal  section 
from  another  frozen  bod;.  In  both,  the  condition  of  the  lobe 
present  in  my  specimen  is   reproduced, — namely,  it  has   a 


posterior  surface  directed  backwards  and  a  little  to  the  left, 
which  is  lined  by  peritoneum  and  fits  into  the  'receaans 
Spigelii '  described  above ;   and   an    anterior   free    surface  (of 
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greater  extent  than  the  posterior,  as  a  rule)  looking  forwards 
and  to  the  left,  covered  by  peritoneum,  and  forming  the  posterior 
boundary  of  a  fissure  which  is  produced  by  the  folding  over 
towards  each  other  of  the  Spigelian  and  left  lobes,  and  at  the 
bottom  of  which  is  found  the  ductus  venosus  (D.V).  The 
fissure,  taken  altogether,  cuts  outwards  and  a  little  forward  to 
within  about  2  centimetres  of  the  front  of  the  cava ;  and,  as  will 
be  seen  on  reference  to  fig.  1,  this  lobe  is  separated  from  the  rest 
of  the  liver  with  the  exception  of  an  isthmus  about  2  centi- 
metres in  width,  by  the  fissure  in  front  and  by  the  cava  on  the 
right.  A  rather  sharp  left  border  separates  the  anterior  from 
the  posterior  surface.  This  condition  of  the  lobe,  dififering 
very  much,  as  it  does,  from  my  reading  of  His's  mod&l,  is 
altered  when  the  liver  is  removed  from  the  body  by  the  opemng 
up  of  the  fissure  and  the  flattening  out  of  the  Spigelian  lobe,  the 
form  with  which  we  are  so  well  acquainted  being  thus  produced. 
Otherwise,  I  have  found  the  liver  to  conform  very  closely 
to  Professor  Symington's  description  of  the  organ  in  Quain's 
AfuUomy.  I  have,  however,  been  much  struck  by  its  great  depth 
in  the  vertical  direction  on  the  right  side,  which  was  partly  due 
in  this  case  to  the  over-distension  of  the  transverse  colon,  which 
was  filled  with  gas  and  doubled  up  over  the  front  of  the  empty 
stomach.  As  a  result,  the  liver  was  pushed  over,  and  packed 
into,  the  right  side  of  the  abdomen,  with  a  consequent  increase 
in  its  vertical  depth, — the  whole  showing  very  clearly  the 
plastic  nature  of  such  viscera  as  the  liver,  and  the  way  in  which 
they  may  be  moulded  by  the  pressure  of  adjacent  organs. 
Though  this  moulding  may  take  place  to  a  considerable  extent, 
still  it  never,  I  believe,  robs  the  organ  of  its  characteristic,  and 
what  I  may  call  its  fixed,  shape.  There  are  those  who  hold 
that  the  forms  of  the  organs  obtained  by  hardening  in  situ  are 
not  really  fixed  forms,  but  that  the  viscera  are  plastic,  and  take 
for  the  time  being,  as  a  result  of  the  pressure  of  surrounding 
structures,  shapes  which  are  artificially  fixed  by  the  hardening 
agent,  and  thus  fictitious  forms  arrived  at.  Any  one  who  has 
hardened  the  viscera  in  a  number  of  subjects,  and  observed  the 
regularity  with  which  the  definite  form  of  each  organ  appears, 
cannot  accept  this  view.  It  is,  I  think,  much  more  probable  that 
every  organ  has  a  definite  fixed  form ;  that  it  is  plastic  to  a 
certain  degree ;  and  that  it  can  be  moulded  by  the  pressure  of 
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adjacent  organs  within  certain  limitBy  producing  modifications 
of  its  fundamental  form. 

Slomack. — ^In  the  cast^only  the  ending  of  the  cesophagns  and 
a  small  part  of  the  stomach  close  to  the  pyloms  are  shown. 
The  rest  was  removed  before  making  the  cast.  However,  several 
points  in  connection  with  the  relations  of  the  organ  can  be 
made  out  In  the  specimen  from  which  the  cast  was  prepaied, 
and,  onfortnnately,  in  the  other  subjects  which  I  hardened,  the 
stomach  was  nearly  empty.  I  have,  however,  carefully  studied 
die  condition  of  the  stomach  in  these  specimens,  and  I  have 
arrived  at  the  following  conclusion: — 

The  empty  or  nearly  empty  o]*gan  is  of  an  attenuated  and 
modified  pear-shape,  not  flattened  from  before  backwards,  as 
often  figured     The  wider  end  of  the  pear  is  directed  back- 
wards, and  somewhat  to  the  left    At  the  right  side  of  this 
end,  a  considerable  distance  from  its  summit, — ^in  fact,  almost 
as  far  from  the  summit  as  from  the  pylorus,  and  towards  the 
upper  (anterior)  surface,  —  the  cesophagus  enters.      The  long 
axis  of  the  organ  is  directed  at  first,  and  for  the  greater 
part  of  its  extent,  nearly  horizontally  forwards,  with  an  in- 
clination to  the  right    For  a  distance  of  about  8  or  9  cm. 
from  the  pyloms  the  stomach  scarcely  exceeds  the  duodenum 
in  diameter,   beyond  this,  it  expands  and  passes  on  into  the 
body  of  the  organ;  about  the  junction  of  this  narrow  pyloric 
portion  with  the  rest,  the  axis  of  the  pear  changes  its  direction ; 
it   is   first  strongly  bent  towards  the  middle   line  (a   little 
to  the  right  of  which  the  pylorus  is  placed)  to  reach  the 
pylorus,  and  about  4  or  5  cm.  nearer  to  the  pylorus  there  \b 
a  second  bend  (not  so  strongly  marked)  downwards  over  the 
'omental  tuberosity'  of  the  pcmcreas,  as  will  be  explained 
more  fully  when  speaking  of  the  'stomach  bed.'    I  believe 
this  to  be  the  usual  condition  of  the  empty  or  nearly  empty 
stomach, — a  condition  brought  about  by  its  inherent  shape  and 
the  tonic  contraction  of  its  walls.     Moreover,  I  can  scarcely 
conceive  how  the  organ  could  ever  assume  a  flattened  form 
with  its  anterior  and  posterior  walls  in  contact,  particularly 
when  the  surroundings  of  the  stomach  are  considered. 

It  should  be  added  to  the  foregoing,  that  the  lesser  curvature 
was  directed  to  the  right  and  backwards,  the  great  curvature 
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forwards  and  to  the  left,  and  that  at  its  right  end  this  curvature 
lay  immediately  along  the  top  of  the  omental  tuberosity  of 
the  pancreas.  This  latter  point  will  be  referred  to  again  when 
speaking  of  the  pancreas. 

Although  I  was  not  fortunate  enough  to  meet  with  a  distended 
stomach  in  any  of  the  bodies  which  I  hardened,  I  have  never- 
theless considered,  when  studying  my  specimens,  how  the  organ 
would  be  influenced  by  distension.  This,  however,  I  had  better 
postpone  until  I  have  referred  to  some  points  bearing  on  the 
relations  of  the  stomach. 

Nothing  has  attracted  my  attention  more,  in  connection  with 
the  stomach,  in  all  the  specimens  which  I  have  hardened,  than  the 
striking  and  well-marked  shelf-like  arrangement  which  supports, 
at  least,  the  undistended  stomach,  and  which  I  have  referred  to 
elsewhere  as  the  *  stomach  bed,' — appropriately,  too,  as  will  be 
seen  on  a  reference  to  the  cast.    This  stomach  bed  is  formed 
in  the  following  way.    The  portion  of  the  pancreas  to  the  left 
of  the  middle  line  has,  as  will  be  shown  later,  a  very  consider- 
able antero-posterior  thickness;  as  a  result,  its  upper  surface 
(the  anterior  of  His)  is  of  considerable  extent,  it  looks  strongly 
upwards,  and  forms  a  large  and  important  part  of  the  shelf. 
As  the  pancreas  passes  to  the  left  towards  the  spleen,  it  crosses 
the  upper  part  of  the  kidney,  and  is  so  moulded  on  to  it  that 
the  top  of  the  kidney  forms  an  extension  inwards  and  back- 
wards of  the  upper  surface  of  the  pancreas,  and  extends  the  bed 
in  this  direction.    (This  is  not  so  well  shown  in  the  cast,  owing 
to  the  low  level  of  the  left  kidney.)    On  the  other  hand,  the 
extremity  of  the  pancreas  comes  in  contact  with  the  spleen  in 
such  a  way  that  the  plane  of  its  upper  surface  runs  with  little 
interruption  upwards  and  backwards  into  the  concave  gastric 
surface  of  the  spleen,  which  completes  the  bed  behind  and  to 
the  left,  and,  running  upwards,  forms  a  partial  cap  for  the  wide 
end  of  the  pear  (stomach).    To  a  certain  extent  an  anterior 
prolongation  of  the  bed  is  formed  by  the  transverse  mesocolon, 
which,  passing  forwards  from  the  anterior  margin  of  the  pancreas, 
is  stretched  over  and  supported  by  underlying  coils  of  small 
intestine  in  such  a  manner  that  it  forms  a  little  platform  in 
extension  of  the  upper  surface  of  the  pancreas  in  an  anterior 
direction.    Thus,  with  the  addition  of  blood-vessels  and  con- 
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nective  tissue,  which  fill  the  intervals  between  the  several  parts, 
and  the  covenng  of  peritoneum,  the  bed  is  completed. 

There  is,  moreover,  a  roof  to  this  space  iu  which  the  stomach 
lies,  quite  as  distinct  as  the  bed,  though  more  simple  in  its 
constitution,  and  better  recognised.  It  is  formed  above  chiefly 
by  the  diaphragm  and  the  under  surface  of  the  left  lobe  of  the 
liver;  anteriorly,  the  abdominal  wall  closes  in  the  space;  while 
the  cap  for  the  wide  end  of  the  pear  is  formed,  as  mentioned 
already,  by  the  spleen  below,  and  above  this  by  the  diaphragm 
curving  upwards  and  forwards  from  behind  the  spleen.  In  this 
way  there  is  formed  a  perfect,  and  I  believe  an  almost  constant, 
'  chamber,'  in  which  the  imdistended  stomach  is  contained.  A 
striking  demonstration  of  this  can  be  obtained  by  removing  the 
stomach  very  carefully,  in  a  hardened  subject,  without  displac- 
ing the  liver,  diaphragm,  or  other  oi^ans.  Into  the  chamber,  at 
times,  part  of  the  transverse  colon  may  find  its  way.  Of  all  the 
walls  of  this  chamber  there  is  none  more  interesting,  or  more 
definite,  I  believe,  than  the  stomach  bed. 

As  to  the  condition  of  the  distended  stomacL  If  I  am  correct 
in  my  contention  that  the  undistended  organ  is  in  shape  that  of 
an  attenuated  and  modified  pe^ir,  that  it  lies  in  a  chamber  such 
as  I  have  described,  with  its  great  curvature  directed  forwards 
and  to  the  left,  its  long  axis  for  the  most  part  nearly  horizontal 
and  lying  in  a  direction  approaching  the  antero-posterior,  and 
its  wide  end  looking  almost  directly  backwards,  it  follows,  I 
think,  that  there  can  be  no  great  change  of  direction  in  the  axis 
when  the  organ  is  gradually  filled.  That  is,  I  can  scarcely  see 
bow  the  long  axis  could  assume  an  almost  vertical  direction  in 
the  greater  part  of  its  extent,  as  usually  described,  without  such 
a  disturbance  of  the  surrounding  viscera — flattening  of  the 
p^creas  against  the  posterior  abdominal  wall,  &c. — as  I  think 
unlikely  to  take  place  imless  as  a  result  of  extreme  distension, 
or  a  pathologically  dilated  stomach.  On  the  other  hand,  I  am 
inclined  to  the  opinion  that  when  the  stomach  is  gradually  and 
moderately  distended,  it  enlarges  chiefly  in  a  forward  direction, 
and  by  that  extension  to  the  right  which  is  usually  taught.^    This, 

'  This  is  largely  due  to  the  enlargement  of  the  pyloric  portion  which,  as 
explained  above,  is  little  greater  in  size  than  the  duodenum  when  the  stomach 
is  empty. 
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too,  would  correspond  to  the  fulness  of  the  '  pit  of  the  stomach ' 
which  is  noticeable  after  a  large  meaL  Further,  I  believe  that 
there  is  an  expansion  of  the  organ  in  an  upward,  and  to  a  greater 
extent  in  a  downward,  direction,  the  former  accompanied  by  an 
elevation  of  the  diaphragm  and  left  lobe  of  the  liver,  the  latter 
by  a  descent  of  the  stomach  bed.  In  other  words,  the  empty 
stomach,  on  being  gradually  filled,  does  not  change  its  '  lie '  to 
any  marked  extent,  except  in  regard  to  the  movement  of  its 
pyloric  end  to  the  right;  its  axis  is  comparatively  slightly 
disturbed,  but  there  is  a  general  expansion  in  all  directions, 
particularly  forwards  and  to  the  right,  as  here  the  walls  of  the 
chamber  in  which  the  stomach  lies  are  least  resistant.  If  any 
great  enlargement  in  the  vertical  direction  take  place,  with 
increased  distension  there  must  be  a  considerable  flexure  in  the 
back  of  the  organ,  corresponding  to  the  position  of  the  pancreas. 

Spleen. — In  the  specimen  from  which  the  cast  was  made  the 
spleen  was  somewhat  enlarged.  This  may  possibly  account  for 
the  displacement  downwards  of  the  kidney  on  this  side,  and 
the  corresponding  displacement  of  the  suprarenal.  In  every 
other  regard  the  spleen  corresponds  exactly  with  the  description 
of  the  organ  given  by  Professor  Cunningham  in  this  Journal, 
vol.  xxvii.  Its  relations  are  perhaps  a  little  modified  by  its 
slight  enlargement,  but  not  sufficiently  to  vitiate  in  any  way 
the  agreement  with  the  description  mentioned.  Its  relation  to 
the  phreno-colic  ligament  is  well  shown. 

It  can  also  be  clearly  seen  in  the  cast  that  the  inner  and 
posterior  part  of  the  base  rests  on  a  fold  of  peritoneum,  continuous 
with  the  left  end  of  the  transverse  mesocolon,  which  passes 
inwards  to  the  kidney  from  the  splenic  flexure,  in  much  the 
same  fashion  as  the  phreno-colic  ligament  passes  outwards.  This 
is  a  relation  which  I  have  not  looked  for  in  time  in  my  other 
specimens,  and  I  cannot  say  how  constant  it  may  be ;  but  it 
seems  likely  to  be  present  with  the  blunt  form  of  the  tail  of  the 
pancreas,  mentioned  later  on.  It  is  seen  indistinctly  in  the 
illustration,  filling  the  interval  which  is  apparent  between  the 
kidney  and  the  colon  below  the  pancreas,  and  opposite  the 
phreno-colic  ligament.  In  the  cast  it  is  very  distinct,  as  the 
bulging  of  the  base  of  the  spleen  covered  by  the  fold  is  clearly 
shown  in  this  interval. 
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Duodenum. — ^The  most  atrikiiig  thii^  aboat  the  duodaomm  in 
the  cast  is  the  hct  that  nearly  half  <rf  its  cnive  lies  in  a  pline 
not  far  from  the  sagittal,  the  remainder  being  nearly  in  the 
coronal  plane.  As  I  have  f omid  this  to  be  the  case  in  aU  my 
specimens,  I  would  direct  special  attoiticm  to  it,  partienlarly 
as  the  duodenum  is  generally  described  and  figored  as  if  it 
lay  practically  in  the  coronal  plane.  In  His's  model,  too, 
particularly  when  viewed  from  the  front,  the  same  idea  is 
preserved. 

I  should  explain  here,  that  after  removii^  the  stomach,  and 
also  the  jejunum  immediately  beyond  the  duodeno-jejunal 
flexure,  I  carefully  stopped  the  lower  end  of  the  duodenum, 
and  poured  in  through  the  upper  end  enou^  liquid  g^tine  to 
give  the  tube  solidity,  and  to  increase  its  rotundity,  as  it  would 
be  very  difficult  to  get  a  good  impression  of  the  empty  tube, 
which  might  collapse  under  the  pressure  of  the  phster.  Beskks, 
we  generally  think  of,  describe,  and  picture  the  duodenum  in  a 
more  or  less  distended,  not  in  an  empty  condition.  In  pouring 
in  the  gelatine,  the  greatest  care  was  taken  not  to  disturb  in  any 
way  the  relations  of  the  oigan  to  the  surrounding  stmctuies 
—of  which,  indeed,  owing  to  the  thorough  hardening,  tiiere  was 
little  danger. 

The  pylorus  lies  a  little  over  2  cm.  to  the  right  of  the 
middle  line.  From  this  the  first  part  of  the  duodenum  runs 
transversely  to  the  right  for  haU  its  length,  that  is,  until  it 
has  cleared  the  bile  duct,  with  the  hepatic  artery  and  portal 
vein  (which  structures  can  be  seen  in  the  illustration  running 
up  from  behind  the  duodenum).  Beyond  this  it  bends  sharply 
backwards,  at  the  side  of  the  cava,  and  then  turning  down, 
passes  into  the  second  sti^  The  second  stage  descends 
along  the  right  aide  of  the  cava, — ^not  anterior  to  it,  as  usually 
taught, — flying,  of  course,  in  front  of  the  inner  margin  of  the 
kidney.  It  comes  into  very  close  contact  with  the  ureter  after 
that  tube  leaves  the  hilum  of  the  kidney;  and  for  fuUy  two 
inches  at  the  junction  of  the  descending  and  transverse 
Bt^es  it  lies  on  the  psoas  muscle.  At  the  lower  end  of  this 
second  stage  the  gut  bends  gradually  forwards  and  towards  the 
middle  line,  forming  the  beginning  of  the  transverse  stage; 
about  the  middle  of    the    transverse   stage   it   again   enters 
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the  coronal  plane,  in  which  it  runs  to  the  duodeno-jejonal 
flexnra  The  latter  part  corresponds  very  closely  to  the  received 
description.  The  special  points  in  reference  to  the  duodenum 
brought  out  by  the  cast,  to  which  I  would  direct  attention,  are 
then  as  follows: — (1)  This  loop  of  gut  does  not  lie  in  the 
coronal  or  any  one  plane,  as  usually  represented ;  the  first  half 
of  the  first  stage  and  all  beyond  the  middle  of  the  transverse 
(or  third  stage)  lie  practically  in  the  coronal,  while  the  rest  of 
the  duodenum  is  moulded  round  the  right  side  of  the  cava  and 
vertebral  colunm',  and  is  placed  almost  in  the  sagittal  plane,  the 
transition  from  one  plane  to  the  other  being  more  abrupt  above, 
more  gradual  below.  (2)  The  cava  does  not  lie  behind  the 
descending  duodenum,  but  entirely  to  its  inner  or  left  side.  This 
I  have  found  not  only  in  my  specimens  with  the  organs  hardened 
in  situ,  but  also  in  frozen  sections.  (3)  The  close  relation  of  the 
descending  duodenum  posteriorly,  to  the  ureter  and  the  right 
psoas  for  a  considerable  distance.  With  a  distended  stomach 
and  a  pylorus  thrust  to  the  right,  probably  the  first  part  of  the 
first  stage  would  lie  further  from  the  coronal  plane  than  is  the 
case  in  the  cast. 

Pancreas. — ^This  oi^an  is  probably  more  interesting  than  any 
other  in  the  cast,  partly  because  the  pancreas  changes  so  rapidly 
after  death  that  there  is  rarely  an  opportunity  of  examining  one 
in  its  natural  condition,  and  also  because  it  differs  very  con- 
siderably from  His's  model,  and  from  the  ideas  whch  are,  I  think, 
generally  held  regarding  its  shape.  However,  as  I  have  found  the 
pancreas  practically  the  same  in  my  other  hardened  specimens,  I 
believe  the  condition  shown  in  the  cast  to  be  normal.  The  head 
and  neck  agree  very  closely  with  Professor  Symington's  descrip- 
tion of  these  parts,  as  found  in  the  10th  edition  of  Quain's 
ArujUomy,  with  this  slight  difference,  that  the  first  stage  of  the 
duodenum  lies  above  the  head — not  above  the  neck — and  the 
pylorus  lies  above  the  neck,  close  to  its  junction  with  the  head. 
It  is  in  the  bodi/  chiefly  that  the  pancreas  of  the  cast  differs 
from  the  usual  descriptions :  first,  in  the  distinct  way  in  which 
it  projects  forwards  as  a  prominent  ridge  into  the  abdominal 
cavity ;  secondly,  in  its  great  size,  for  it  appears  to  be  the  most 
bulky  part  of  the  gland ;  thiidly,  in  the  great  extent  of  its  under 
surface ;  and  lastly,  in  its  distinct  sweep  backwards  round  the 
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top  of  the  kidney  as  it  passes  to  the  left,  as  well  as  in  several 
minor  details. 

His's  model  represents  the  body  of  the  pancreas  as  being 
flattened  against  the  posterior  abdominal  waU,  with  anterior 
and  posterior  surfaces  of  considerable  extent,  looking  nearly 
directly  forwards  and  backwards,  and  with  a  very  narrow  inferior 
surface.  In  all  my  specimens,  on  the  other  hand,  the  body  of 
the  pancreas,  instead  of  being  flattened  from  before  backwards, 
projects  very  prominently  into  the  abdominal  cavity  by  its 
anterior  border,  so  much  so  that  its  upper  surface  contributes 
very  largely  to  the  formation  of  the  stomach  bed,  as  already 
explained.  This  portion  of  the  gland  is  very  distinctly  prismatic, 
particularly  towards  the  tail  end;  but,  contrary  to  the  usual 
teaching,  I  find  that  the  three  surfaces  are  of  nearly  equal 
extent,  the  inferior  being  practically  as  large  as  the  superior 
(anterior  of  His).  The  posterior  surface,  of  course,  looks  back- 
wards, and  has  the  relations  usually  described.  The  superior 
surface,  generally  known  as  the  anterior,  looks  upwards  and 
forwards  (sometimes  more  upwards  than  forwards),  is  of  con- 
siderable extent,  shelf-like  in  appearance,  and  constitutes  an 
important  part  of  the  stomach  bed.  It  is  slightly  concave, 
corresponding  to  the  convexity  of  the  stomach.  The  inferior 
surface  looks  downwards  and  forwards;  it  is,  as  explained,  of 
about  the  same  extent  as  the  superior ;  it  rests  at  its  left  end  on 
the  termination  of  the  transverse  colon,  at  its  right  on  the 
duodeno- jejunal  flexure,  and  between  the  two  it  rests  upon,  and 
is  apparently  supported  by  coils  of  jejunum.  The  superior  is 
separated  from  the  inferior  surface  by  a  sharp  and  prominent 
anterior  border,  which  is  gradually  rounded  off  as  the  neck  is 
approached.  (In  the  cast  it  is  well  marked  at  the  left  end 
only.)  The  omental  tuberosity  at  the  right  end  of  the  body  is 
distinct,  but  it  does  not  project  against  the  lesser  omentimi — at 
least,  when  the  stomach  is  empty ;  on  the  contrary,  it  appeared  in 
great  part  below  the  great  curvature, — the  stomach,  as  explained 
before,  bending  down  over  it. 

The  foregoing  is  the  state  of  the  body  exhibited  in  the 
specimen-  from  which  the  cast  was  taken,  and  it  agrees  in  all 
essentials  with  my  other  specimens.  I  believe  that  it  gives  the 
true  state  of  the  pancreas  when  the  stomach  is  empty ;  for,  as 
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already  mentioned,  the  stomach  was  practically  empty  in  all 
the  bodies  hardened.  I  must  admit,  however,  that  it  is  conceiv- 
able that  a  fully  distended  stomach  might  press  back  the  organ 
against  the  posterior  abdominal  wall,  to  some  extent  flattening 
out  the  superior  surface,  and  making  it  more  anterior  in  direction, 
and  reducing  the  inferior  surface  to  much  narrower  limits ;  but 
I  think,  at  the  same  time,  that  this  is  highly  improbable. 

The  tail  of  the  pancreas,  I  have  found,  may  take  one  of  two 
chief  forms.  It  may  be  long  and  attenuated,  when  it  runs 
backwards  along  the  basal  surface  (Cunningham)  of  the  spleen, 
curving  in  this  course  round  the  outer  aspect  (*  anterior  surface  *) 
of  the  kidney,  and  covered,  when  viewed  from  the  front,  by  the 
splenic  flexure  of  the  colon.  On  the  other  hand,  it  may  be  stout 
and  blunt,  when  it  abuts  against  the  lower  part  of  the  gastric 
surface  of  the  spleen.  The  latter  of  these  two  forms  is  repre- 
sented in  the  cast. 

Kidrieys. — In  the  specimen  from  which  the  cast  was  taken, 
the  kidney  of  the  right  side  lies  at  a  higher  level  than  that  of 
the  left,  (contrary  to  the  general  rule.  This  may  be  due,  in  part 
at  least,  to  the  extra  pressure  of  the  slightly  enlarged  spleen, 
reinforced,  perhaps,  by  a  small  amount  of  pleuritic  effusion  which 
was  present  on  the  left  side  of  the  chest,  disturbing  the  balance 
of  pressures  which  (according  to  Professor  Cunningham's  views 
lately  expressed  in  this  Journal)  is  one  of  the  chief  factors  in 
keeping  the  kidney  in  position.  On  the  left,  also,  the  hilum  of 
the  kidney  looks  more  strongly  forward  than  on  the  right  side, 
and  than  normal.  This  might,  perhaps,  be  attributed  to  the 
depression  of  the  kidney,  which,  by  increasing  the  tension  on 
the  renal  vessels,  would  naturally  draw  the  hilum  roimd  to  the 
front  An  additional  renal  artery  and  its  accompanying  vein  on 
this  side  call  for  no  special  remark. 

The  peritoneal  relations  of  the  right  kidney  are  carefully 
preserved  in  the  cast,  although  not  shown  in  the  illustration. 
About  the  upper  ^  or  J  of  the  anterior  surface  is  uncovered 
by  peritoneum,  and  was  in  direct  contact  with  the  Uver ;  the 
lower  I  or  thereabouts  is  also  uncovered,  and  was  connected  to 
the  back  of  the  colon.  The  intervening  part  ia  covered- by  peri- 
toneum, and  was  overlapped  by  the  liver.  In  other  respects  the 
kidneys  agree  with  Professor  Cunningham's  and  the  text*book  de- 


f 


THE  TOPOGRAPHICAL  ANATOMY  OF  THE  SPLEEN,  ETa       109 

scriptions,  and  call  for  no  special  notice.  Attention  ahoold,  how- 
ever, be  called  to  the  small  amount  of  left  kidney  which  appears 
above  the  pancreas  in  the  cast :  this,  of  course,  is  not  the  normal 
state,  and  is  due  entirely  to  the  low  level  occupied  by  this  kidney. 

SuprareTud  Bodies. — In  the  cast  the  right  corresponds  to  the 
description  of  BoUeston,  with  the  following  slight  differences : — 
(1)  The  surfaces  look  more  strongly  in  and  out  than  in  his  descrip- 
tion. (2)  The  capsule  lies  nearly  entirely  posterior  to  the  cava, 
and  can  scarcely  be  seen  when  the  oast  is  viewed  full  from  the 
front.  Bence  it  does  not  appear  in  the  illustration.  And  (3)  the 
peritoneum  covers  only  a  comparatively  small  portion  (about  \) 
of  the  anterior  surface  near  the  kidney.  The  vein  is  indistinctly 
sbown  in  the  cast,  high  up ;  it  is  very  short,  and  enters  the  back 
of  an  hepatic  vein  (seen  near  the  top  of  the  suprarenal)  which 
joins  the  right  side  of  the  cava.  The  left  suprarenal  is  hardly 
(Uscemible  in  the  illustration,  just  below  and  internal  to  the 
upper  and  inner  end  of  the  spleen.  It  appears  at  first  sight  to 
differ  very  much  from  SoUeston's  account,  but  this  is  probably 
largely  due  to  the  depression  of  the  kidney  on  this  side,  as  a 
result  of  which,  owing  to  the  removal  of  the  support  which  the 
kidney  should  give  to  its  upper  end,  the  long  axis  of  the  capsule 
is  placed  nearly  horizontally.  A  part  only  of  the  gland  (in  the 
cast)  appears  above  the  pancreas.  Thia  part  is  crescentic  in  shape ; 
it  lies  almost  in  the  sagittal  plane,  with  its  ends  forwards  and 
backwards ;  and  the  whole  structure  is  moulded  to  the  side  of  the 
left  cms  of  the  diaphragm,  the  side  in  contact  with  the  crus 
being  slightly  concave,  the  other  correspondingly  convex. 

I  believe  that  the  surfaces  of  the  suprarenal  capsules  look 
much  more  in  and  out  than  backwards  and  forwards,  as  usuaUy 
described.    In  fact,  they  lie  very  close  to  the  sagittal  plana 

Large  Intestine. — Only  the  splenic  flexure,  the  descending 
colon,  a  small  part  of  the  sigmoid  flexure,  and  the  rectum 
have  been  preserved ;  the  other  parts  were  removed,  in  order  to 
show  the  structures  which  lay  behind  them.  Attention  has 
been  already  called  to  the  connections  of  the  splenic  flexure 
when  speaking  of  the  spleen.  It  need  only  be  added  that  the 
flexure  does  not  ascend  as  far  as  usual  into  the  hypochondrium, 
owing  to  the  enlargement  of  the  spleen.  Nothing  in  the 
descending  colon  calls  for  remark;  it  c^rees  exactly  with  the 
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description  in  the  latest  edition  of  Quain's  Anatomy.  The  cast 
shows  clearly  the  line  of  attachment  of  the  sigmoid  mesocoloix 
The  upper  part  of  the  rectum  is  fairly  distinct,  but  the  remain- 
ing contents  of  the  pelvis  are  only  slightly  indicated. 

(Esophagus,  Ureters,  <fcc. — ^The  lower  end  of  the  cesophagus  has 
been  preserved ;  its  opening  in  the  diaphragm  is  well  shown,  as 
are  the  left  and  part  of  the  right  crura  of  the  diaphragm. 

Both  ureters  are  shown  clearly  as  far  as  the  brim  of  the 
pelvis. 

Below  the  level  of  the  kidneys  and  the  duodenum,  the  peri- 
toneum has  been  removed  from  the  posterior  abdominal  wall 
without  preserving  the  lines  of  reflexion,  except  at  the  sigmoid 
mesocolon  and  in  the  pelvis,  where  the  peritoneum  remains  un- 
disturbed. Above,  its  relations  to  the  kidney,  suprarenal,  and 
diaphragm  on  the  right  side  are  carefully  shown.  The  posterior 
layer  of  the  upper  part  of  the  small  sac,  opposite  the  Spigelian 
lobe,  is  very  distinct,  and  the  right  phrenic  vessels  will  be 
observed  passing  upwards  and  outwards  beneath  it  on  the 
diaphragm.  As  already  explained,  the  phreno-colic  ligament 
passing  out  from  the  splenic  flexure,  and  a  fold  (connected  with 
the  last  bit  of  the  transverse  mesocolon)  passing  inwards  from  it, 
are  preserved ;  the  latter  forming,  in  this  case  at  least,  a  susten- 
taculum Henis  internum.  The  attachment  of  the  transverse 
mesocolon  is  indicated  by  a  coloTired  line.  The  two  layers  are 
separated  by  about  1^  inches  on  the  descending  duodenum,  they 
gradually  approach  as  they  pass  to  the  left  on  the  head  of  the 
pancreas,  and  they  finally  meet  at  the  neck ;  beyond  this  the  line 
pursues  a  course  which  corresponds  fairly  closely  to  the  anterior 
margin  of  the  pancreas  imtil  the  left  end  of  the  body  is  reached, 
when  it  passes  on  to  the  under  surface.  Consequently,  in  the 
specimen  from  which  the  cast  was  taken,  the  back  of  the  trans- 
verse colon  was  connected  to  the  front  of  the  descending 
duodenum  at  about  its  middle,  and  to  the  adjacent  part  of  the 
head  of  the  pancreas  by  connective  tissue  without  the  interposi- 
tion of  peritoneum,  corresponding  in  this  very  closely  to  the 
condition  shown  in  His's  model. 

Vesseh,  &c, — The  true  proportion  between  the  size  of  the 
arteries  and  the  veins  is  shown, — a  matter  of  some  interest,  as 
this  is  the  reverse  of  what  is  seen  in  ordinary  dissecting- 
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room  subjects,  in  which  the  arteries  are  injected,  and  the  rans 
are  empty  and  insignificant.    Hie  aorta  calls  for  no  remaik. 
The  cava  has  been  preserved  in  its  whole  length  by  remoirii^ 
tbe  liver  without  disturbing  the  vesBel ;  thus  what  is  perhaps  an 
unusual  view  has    been  secured.     Several  hepatic  veins  are 
shown  joining  it»  and  there  is  still  noticeable  a  part  of  a  very 
strong  flexure  to  the  left  which  engaged  the  cava  just  as  it 
approached  the  auricle :  part  of  this  flexure  has  been  removed* 
The  hepatic  artery,  hepatic  duct,  and  portal  vein  are  well 
shown  in  their  characteristic  position  just  above  the  first  part 
of  the  duodenum.    The  hepatic  artery  can  be  followed  to  the 
coeliac  axis,  from  which  can  be  seen  arising  the  stump  of  the 
gastric,  and  also  the  splenic.    The  extremely  tortuous  course  of 
the  latter  vessels  along  the  upper  border  of  the  pancreas  is  well 
seen,  and  a  part  of  its  companion  vein  can  be  made  out  in  the 
cast  (not  in  the  illustration)  lying  inferior  and  posterior  to  the 
artery,  on   looking   down   behind  the  upper  margin   of  the 
pancreas. 

The  superior  mesenteric  vein  has  been  preserved  down  as  far 
aa  the  middle  of  the  transverse  duodenum;  the  corresponding 
artery  is  cut  short  to  show  the  head  of  the  pancreas  winding  to 
the  left  beneath  the  vessels.    This  recurved  piece  of  the  head 
runs  as  far  as  the  left  margin  of  the  superior  mesenteric  artery. 
The  gastro-duodenal  artery  is  seen  coming  down  behind  the 
duodenum,  quite  close  to  (indeed,  practically  behind)  the  pylorus, 
and  dividing  into  the  right  gastro-epiploic,  which  is  cut  short 
and  pinned  down  to  the  pancreas  (to  prevent  its  being  injured 
in  making  the  mould),  and  the  superior  pancreatico-duodenaUs, 
which  runs  downwards  in  a  groove  on  the  front  of  the  head,  a 
considerable  distance  from  tbe  duodenum,  as  described  and 
pictured  by  Symington  in  Quain's  Anatomy.    The  corresponding 
vein  is  seen  running  downwards  and  to  the  left,  to  join  the 
superior  mesenteric.    The  so-called  inferior  pancreatico-duodenal 
artery  is  not  shown,  for  it  lies  on  the  back  of  the  head,  running 
downwards  and  to  the  right,  behind  the  recurved  part  of  the 
head.    The  names '  anterior'  and '  posterior '  pancreatico-duodenal 
would  be  less  misleading  than  those  at  present  used.    The  re- 
maining vessels  call  for  no  special  remark. 
A  small  ridge  is  seen  running  out  from  the  side  of  the  right 
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psoas  mnscle ;  it  is  not  indicated  in  the  illustration,  but  in  the 
cast  it  is  very  distinct,  and  is  due  to  a  raising  up  of  the  iliac 
fascia  by  a  small  branch  of  the  ilio-lumbar  artery,  often  seen  in 
this  situation.  It  is  not  to  be  mistaken  for  the  crest  of  the 
ilium  and  the  ilio-lumbar  ligament,  which  lie  at  a  higher  level, 
about  IJ  inches  above  this  ridge. 

Conclusions. 

The  chief  points  which  I  have  called  attention  to  in  the  fore- 
going may  be  briefly  summarised. 

1.  The  lobus  Spigelii  of  the  liver  has  an  anterior  free  surface 
as  well  as  a  posterior,  and  it  lies  in  a  special '  recessus  Spigelii ' 
on  the  posterior  abdominal  wall.  The  opinion  is  expressed 
that  such  viscera  as  the  liver  have  definite  fixed  shapes,  which 
may  be  modified  but  not  destroyed  by  the  ordinary  pressure  of 
adjacent  organs. 

2.  The  empty  stomach  is  in  ^ape  that  of  an  attenuated  and 
modified  pear,  with  its  wide  end  directed  backwards  and  to  the 
left ;  the  greater  part  of  the  long  axis  runs  forwards  and  a  little 
inwards  in  the  horizontal  plane,  and  turns  to  the  right  and  down- 
wards a  few  inches  from  the  pylorus.  Its  great  curvature  looks 
forward  and  to  the  left,  its  lesser  to  the  right  and  backwards. 
Special  attention  ia  called  to  the  'stomach  bed,'  which  forms 
the  floor  of  a  chamber  in  which  the  stomach  lies. 

3.  The  spleen  corresponds  to  Professor  Cunningham's  descrip- 
tion. In  the  cast  a  eust&ntamdum  lienis  internum  is  present, 
formed  in  connection  with  the  left  end  of  the  transverse  meso- 
colon. 

4.  The  duodenum  does  not  lie  in  the  coronal  plane,  as  usually 
represented ;  the  first  half  of  the  first  stage  and  all  beyond  the 
middle  of  the  transverse  stage  lie  approximately  in  the  coronal 
plane,  the  intermediate  part  is  moulded  backwards  by  the  side 
of  the  cava,  and  lies  almost  in  the  sagittal  plane.  The  cava 
does  not  lie  behind  the  descending  duodenum,  but  to  its  left 
The  duodenum  is  also  closely  connected  behind  to  the  right 
ureter  and  psoas. 

5.  The  pancreas  agrees  as  to  its  head  and  neck  with  Syming- 
ton's description.    The  body  of  the  pancreas  projects  forward 
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as  a  distinct  ridge  into  the  abdominal  cavity,  and  is  not  flattened 
against  the  posterior  wall.  It  is  prismatic,  but  the  three  sides 
of  the  prism  are  nearly  equal,  the  inferior  surface  being  as 
extensive  as  the  superior  (or  anterior).  Two  forms  of  tail  are 
described, — one  which  is  long  and  slender,  and  curves  back 
beneath  the  basal  surface  of  the  spleen;  the  other  short  and 
stout,  which  abuts  against  the  lower  part  of  the  gastric  sur- 
face of  the  spleen.  The  omental  tuberosity,  with  an  empty 
stomach,  does  not  come  in  contact  with  the  lesser  omentum,  but 
lies  in  great  part  below  the  great  curvature  of  the  stomach. 

6.  The  suprarenal  bodies  lie  not  very  far  from  the  sagittal 
plane ;  and  the  right  is  nearly  entirely  posterior  to  the  vena 
cava. 

7.  The  position  of  the  inferior  pancreatico-duodenal  artery  on 
the  back  of  the  recurved  part  of  the  head  of  the  pancreas  is 
described,  and  the  names  *  anterior '  and '  posterior '  are  suggested 
instead  of  superior  and  inferior  pancreatico-duodenal,  as  prob- 
ably being  more  correct. 

Several  minor  points  are  touched  on,  which  need  not  be 
mentioned  here. 
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THE  USE  OF  COLOUR  SCREENS  FOR  MICROPHOTO- 
GRAPHY.  By  Gborgk  Bell  Todd,  M.B.  &  CM.,  Pro- 
fessor of  Zoology,  Anderson's  College  Medical  School, 
Glasgow,    (Plate  VII.) 

During  the  past  six  months  I  have  had  the  opportunity  of 
studying  the  influence  of  colours  obtained  by  the  use  of  thin 
gelatine  films  used  as  screens  on  colourless  living  organisms, 
such  as  Protozoa,  Rotifers,  and  ova  of  Echinoderms, — the  results 
in  many  cases  being  quite  marked,  as  details  seen  by  ordinary 
reflected  light  became  more  prominent  when  a  suitable  colour, 
such  as  orange,  red,  carmine,  or  blue,  was  introduced ;  the  idea 
being  to  give  a  temporary  tint  or  colour  to  the  whole  micro- 
scopic field,  the  colour-rays  passing  through  the  colourless  or 
nearly  colourless  organisms  so  as  to  tint  them  with  the  corre- 
sponding colour.  The  results  obtained  were  embodied  in  a  paper 
on  "  Colour  Tinting  and  its  Application  to  Microscopic  Work," 
read  before  the  Glasgow  meeting  of  the  Museums  Association  in 
July  last. 

Since  then  I  have  turned  my  attention  to  the  effect  of  a  colour 
screen  for  micro-photographic  purposes,  using  thin  films  of 
coloured  gelatine  in  place  of  glass  colour  screens,  such  as  Gar- 
butt's.  I  find  that  for  objects  that  present  great  contrast  in 
their  structural  elements,  and  which  are  diflicult  to  photograph 
satisfactorily  by  the  ordinary  method,  may  be  greatly  improved 
by  the  use  of  a  suitably  coloured  screen. 

Through  the  kindness  of  Dr  Thomas  Reid,  of  the  Glasgow  Eye 
Infirmary  (who  is  a  most  expert  micro-photographer),  I  have  been 
enabled  to  obtain  micro-photographs  of  a  transverse  section  of 
the  rhizome  of  the  fern  (Pteris  aqwUin/i,  the  common  bracken) 
in  the  following  manner : — 

1.  By  photographing  the  object  in  the  ordinary  way  without 
any  screen  (see  fig.  1),  where  it  will  be  noticed  that  there  is  a 
want  of  detail  in  the  more  transparent  and  colourless  parts  of 
the  section,  such  as  the  phloem,  xylem,  vessels,  etc.,  of  the  fibro- 
vascular  bundles ;  also  in  the  prosenchyma  (parenchyma)  sur- 
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roonding  the  biindleB,  and  in  which  they  appear  embedded, 
except  in  areas  where  the  walls  of  the  cells  are  thickened,  ligni- 
fied,  and  brownish  in  colour  (sclerenchyma) ;  and  lastly,  in  the 
cortical  parte,  epidermis  and  hypodermis. 

The  exposure  is  20  sec.  in  incandescent  gas-light,  the  develop- 
ment full  This  example  serves  as  a  means  of  comparing  the  same 
object  photographed  by  an  (mmge  and  red  screen  respectively. 

I  may  note  that  the  colour  screen  used  here  was  very  simple 
in  its  application.  It  consisted  in  laying  a  thin  film  of  coloured 
gelatine  over  the  aperture  on  tiie  stage,  fixing  the  slide  with  the 
object  immediately  above  it  in  the  usual  way,  then  carefully 
focussing  and  photographing. 

2.  The  result  (fig.  2)  in  the  case  of  the  orange  screen  shows  a 
commencing  improvement  in  the  details,  which  are  nearly  want- 
ing in  the  first  case.  The  woody  and  lignified  parts  are  seen  to 
stand  out  more  distinct,  while  the  vascular  structures  in  the 
bundles  are  now  coming  into  view  somewhat  more  clearly. 

The  exposure  here  is  40  sec.  in  the  same  light,  or  double  that 
required  in  the  first  instance. 

3.  In  the  case  of  the  red  screen  (fig.  3),  there  is  to  be  seen 
general  all-round  improvement  in  the  various  details  of  struc- 
ture, but  especially  in  the  elements  of  the  vascular  bundles, 
which  are  amongst  the  most  transparent  parts  in  the  section ; 
even  the  bundle-sheaths  stand  out  more  distinct.  In  fact,  all  the 
details  are,  as  it  were,  levelled  up  to  the  surface. 

The  time  of  exposure  in  this  instance,  with  the  same  light,  is 
40  sec.,  but  may  be  considered  rather  under,  so  that  with  a  red 
screen  an  exposure  from  2|  to  3  times  that  in  the  first  instance 
could  be  given  if  necessary,  with  proportionate  increase  in  detail. 

I  take  this  opportunity  of  pointing  out  the  advantages  of  a 
screen,  as  there  are  many  who  may  have  failed  to  obtained  favour- 
able results  in  instances  where  great  contrast  exists  between  the 
characters  and  appearances  of  tissues  or  elements  contiguous  to 
one  another.  This  method  is  most  useful  where  it  is  not 
thought  necessary  to  previously  stain  the  specimen.  I  may 
mention  that  the  plates  used  were  isochromatic,  and  that  the 
illustrations  are  copied  from  the  actual  photographs,  which,  with 
their  respective  negatives,  require  to  be  seen  in  order  to  be  able 
to  appreciate  the  real  value  of  this  method  satisfactorily. 


THE  PLATYMERIC,  PILASTRIC,  AND  POPLITEAL 
INDICES  OF  THE  RACE  COLLECTION  OF  FEMORA 
IN  THE  ANATOMICAL  MUSEUM  OF  THE  UNI- 
VERSITY  OF  EDINBURGH.  By  David  Hkpbubn,  M,D., 
F.RS.  Ed.,  Lecturer  on  BegwiuU  Anatomy,  University  of 
Edimbwrgh. 

I.  iNTRODUOnON. 

The  great  majority  of  the  femora  which  form  the  subject-matter 
of  the  present  communication  have  already  had  some  of  their 
characters — more  especially  their  dimensions  and  tibio-femoral 
indices — described  by  Sir  William  Turner  in  his  "  Challenger  " 
Report  on  the  Human  Skeleton.^  In  view,  however,  of  the  value 
and  importance  of  this  collection,  to  which  many  noteworthy 
additions  have  recently  been  made,  Sir  William  Turner,  a  few 
months  ago,  entrusted  to  me  the  interesting  duty  of  re-examining 
the  entire  collection,  for  the  purpose  of  determining  the  iTidices 
which  form  the  title  of  this  paper;  and  for  this  opportunity 
I  cannot  sufficiently  express  my  indebtedness  to  him. 

As  a  result  of  working  through  this  collection  of  femora, 
I  have  already  prepared  a  paper  on  "  The  Trinil  Femur  {PUhec- 
anthropus  erecttts)  compared  with  the  Femora  of  various  Savage 
and  Civilised  Saces,"  which  appears  in  the  present  number  of 
this  Jownud?'  In  the  former  paper  I  merely  referred  to  special 
features  on  particuleur  bones,  and  in  the  present  one  I  propose  to 
deal  with  certain  of  the  general  and  mechanical  features  of  the 
femur,  as  well  as  with  the  very  important  questions  suggested 
by  the  different  vndiMS  to  be  derived  from  the  detailed  measure- 
ments of  the  shaft  of  the  bone  in  its  upper,  middle,  and  lower 
thirds.  With  these  objects  in  view,  tables  of  measurements 
have  been  compiled.  I  have  not  considered  it  necessary  to 
extend  the  inquiry  so  as  to  include  the  discussion  of  such  ques- 
tions as  the  angle  formed  by  the  neck  and  shaft,  the  amount  of 
curvature  of  the  shaft  in  the  antero-posterior  direction,  or  the 

>  Part  xlvii.,  1880. 

'  i/bur.  AwU.  and  Fhys,,  Oct  1896,  p.  1. 
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length  of  the  femur  in  a  stnd^t  line  as  compared  with  its 
'  total  oblique  length/  because  such  questions  were  either  oat- 
side  the  scope  of  my  investigations,  or  had  already  been  diacnssed 
by  Sir  William  Tamer  in  his  '^  Challenger*  BepcnrL 

The  stady  of  indices  forms  an  extremely  valoaUe  means  of 
comparison  between  the  femora  of  different  races,  besides  pre- 
senting in  a  graj^c  form  the  resolts  of  those  Comdex  infloences 
which  act  upon  the  bone  in  modifying  its  shape, — jnflnencfls 
which  form  the  sum-total  of  those  diverse  modes  of  life  in 
relation  to  the  attitude  and  gait  of  die  individual  which  charac- 
terise different  races  of  mankind,  and  imprint  themselves  upon 
the  bones  so  indelibly  as  to  enable  one  to  determine  with 
considerable  precision  the  race  to  which  a  particular  group  of 
bones  belongs,  merely  from  a  close  study  of  their  principal 
featurea 

It  is  true  that  indices  are  open  to  certain  fallacies,  and  in  the 
appropriate  places  these  will  be  indicated,  but  nevertheless  they 
constitute  an  important  basis  for  comparison. 

The  characters  of  a  long  bone,  such  as  the  femur,  may  be 
divided  into  two  groups: — ^first,  those  in  which  it  resembles 
any  other  similar  bone ;  and  second,  those  which  are  peculiar  to 
itself,  and  through  which  it  resembles  the  bones  of  that  par- 
ticular race  from  which  it  has  been  derived.  Among  the  com- 
mon characters  of  all  human  femora  there  may  be  mentioned 
its  mechanical  adaptation  to  man's  erect  attitude,  both  for  pur- 
poses of  support  and  locomotion,  in  consequence  of  which  certain 
definite  proportions  exist  between  the  diameter  of  its  head  and 
the  maximum  bicondyloid  diameter,  as  well  as  between  each  of 
tiiese  and  the  total  oblique  length  of  the  bone,  while  the  shaft 
itself  is  mechanically  constructed  to  bear  and  resist  (up  to  the 
point  of  fi'acture)  strain  in  definite  directions  The  special 
features  of  any  long  bone  are,  for  example,  its  developmental 
length  in  relation  to  the  total  height  of  the  individual,  and  such 
surface  markings  as  depend  upon  personal  muscularity;  the 
latter,  in  their  turn,  throw  light  upon  questions  of  gait,  activity, 
and  general  modes  of  life,  probably  even  on  the  occupation  of 
the  individual,  and  the  nature  of  the  surface  contours  of  the 
cofuntries  inhabited  by  particular  races,  living  or  extinct 

Among  special  features  to  be  hereafter  noted,  mention  may 
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now  be  made  of  the  extent  of  the  articular  surface  of  the  femoral 
head ;  the  form  of  the  depression  for  the  ligamentum  teres ;  the 
infra-trochanteric  rio^e ;  the  impression  or  ridge  for  the  gluteus 
maximus ;  the  external  and  internal  longitudinal  pilastric  fossae ; 
the  popliteal  surface  and  the  backward  extension  of  the  articu- 
lar surface  of  the  internal  condyle. 

There  seems  no  reason,  also,  why  the  femur,  as  well  as  various 
other  bones  and  certain  of  the  soft  parts  of  the  body,  should  not 
— in  respect  of  their  variations  from  the  accepted  normal  human 
types — provide  a  certain  amount  of  vestigial  information  bear- 
ing upon  their  historical  evolution  and  development.  Upon  all 
such  matters  light  is  thrown  by  the  study  of  averages  and 
indices^  which,  moreover,  teach  us  much  with  regard  to  the 
limits  of  individual  and  racial  variability. 

II.  Material  examined. 

The  total  number  of  human  femora  measured  and  examined 
was  142,  made  up  as  follows: — Maori,  15;  Australian,  14; 
Andaman,  12 ;  Negro,  9 ;  KaflSr,  2 ;  Creole,  2 ;  Hindoo,  6 ;  Ben- 
galee, 2 ;  Siidi,  2 ;  Malay,  2 ;  Chinese,  2 ;  Laplander,  4 ;  Eskimo, 
4 ;  from  a  mound  at  Melita,  Manitoba,  2 ;  Sandwich  Islands,  5  ; 
Bushman,  2 ;  from  Sharoona,  East  Bank  of  Nile,  1 ;  Guanche 
(Grand  Canary  Islands),  3 ;  from  near  an  old  Boman  wall  at 
Leicester,  England,  9 ;  femora  obtained  from  Practical  Anatomy 
Boom,  University  of  Edinburgh,  44.  So  far  as  the  sex  of  these 
bones  could  be  determined,  9^  were  male,  25  female,  and  18, 
from  various  causes,  were  marked  '  uncertain.'  In  addition  to  the 
above,  I  examined  the  following  femora  of  the  Anthropoid 
Apes: — Gorilla,  2;  Chimpanzee,  4;  Orang-utan,  2;  Gibbon 
(Hylobatea  syndactylus)^  2. 

It  is  evident  that  the  foregoing  list  presents  no  lack  of  variety, 
although  in  certain  of  the  groups  it  is  weak  in  absolute  numbers. 
In  dealing  with  the  averages,  I  have  calculated  out  and  tabulated 
all  the  results  obtainable  from  the  various  indices;  but  in  regard 
to  other  averages,  I  have  not  summarised  the  results  obtained 
from  less  than  four  measurements,  as  one  can  scarcely  draw  any 
conclusions  from  a  smaller  number,  and  it  is  even  doubtful 
whether  much  reliance  can  be  placed  upon  averages  which  are 
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calculated  from  less  than  twelve  observations*  Nevertheless  it 
seemed  advisable  to  calculate  average  indiees  from  the  figures 
at  my  disposal 

IIL  Explanation  of  the  Indices. 

1.  Platymeric  Index. — Sir  William  Turner  some  years  ago 
called  attention  ^  to  a  remarkable  flattening  of  the  sub-trochim- 
teric  region  of  the  shaft  of  the  femur  in  the  Maori  and  in  some 
femora  of  other  races.  By  reason  of  this  flattening,  the  shaft 
presented  more  or  less  well-marked  anterior  and  posterior  sur- 
faces, separated  from  each  other  by  internal  and  external  borders 
of  varying  degrees  of  sharpness.  To  the  external  of  these  bor- 
ders Sir  William  Turner  applied  the  name  of  the  *  inf  ra-trochan- 
teric  ridge/  but  it  was  reserved  for  Professor  Manouvrier  of 
Paris  to  introduce  the  term  platymery  (flat  femur)  as  descriptive 
of  the  condition,  and  this  term  has  now  been  generally  accepted. 

Platymery  in  the  sub-trochanteric  section  of  the  shaft  is  due 
to  an  increase  in  its  transverse  diameter,  coincidently  with  a 
diminution  of  its  antero-posterior  diameter.  The  relation  which 
exists  between  these  two  diameters  is  termed  the  Ivdex  of 
Plaiymery  or  Platymeric  Index,  and  it  is  calculated,  as  recom- 
mended by  Manouvrier,  on  the  basis  that  the  transverse 
diameter  equals  100;  thus 

Antero-posterior  diameter  x  1 00  ^  Platymeric  Index 
Transverse  diameter 

2.  Piiadric  Index. — ^On  the  posterior  aspect  of  the  middle 
third  of  the  shaft  the  human  femur  presents  the  well-known 
linea  aspera.  From  a  careful  study  of  the  development  and 
morphological  significance  of  this  so-called  lin^e^  the  alternative, 
and  in  some  ways  more  accurate,  term  of  pilastre,  employed  by 
Broca,  has  largely  come  into  use  in  anthropology.  Presenting 
itself  as  a  backward  projection,  having  varying  degrees  of  promi- 
nence, the  pilastre  naturally  tends  to  increase  the  antero- 
posterior diameter  of  the  middle  third  of  the  shaft.  Associated 
with  this  increase  there  is  either  an  actual  or  a  relative  dimi- 
nution of  the  transverse  diameter,  the  result  being  the  production 

^  "Challenger"  Reports,  op.  cU.  ;  Jowr.  AruU.  and  Pkys,,  vol.  xn,  p.  488, 
18S7. 
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of  a  flattened  appearance  in  a  plane  at  right  r.  tes  to  the  plane 
in  which  flattening  may  be  seen  in  the  uppoi  part  of  the  shaft. 
It  is  not  advisable  to  have  recourse  to  the  term  'platymery' 
a  second  time  as  descriptive  of  the  conditions  of  the  middle 
third ;  and  in  order  to  avoid  confusion,  it  is  better  to  use  the 
term  Pilastric  Index  to  express  the  relation  between  the  antero- 
posterior and  transverse  diameters  of  the  shaft  in  the  region  of 
the  linea  aspera  or  pilastre.  Assuming,  again,  that  the  trans- 
verse diameter  equals  100,  then 

Antero-posterior  diameter  x  100  ^  pji^^ ^c  Index. 
Transverse  diameter 

3.  Popliteal  Index. — Below  the  level  of  the  linea  aspera  the 
shaft  of  the  femur  expands  in  order  to  carry  the  articular  con- 
dyles, and  on  its  posterior  aspect  the  margins  or  lips  of  the  linea 
aspera  separate  from  each  other,  and  are  prolonged  as  ridges,  of 
variable  distinctness  and  prominence,  to  the  external  and  inter- 
nal condyles  respectively.  These  ridges  constitute  the  lateral 
borders  of  the  popliteal  surface  of  the  femur,  and  they  are 
variously  named  the  external  and  internal  supra-condyloid 
ridges,  or  inferior  pilastric  prolongations.  For  purposes  of 
comparison,  it  is  necessary  to  express  the  relation  between  the 
transverse  and  antero-posterior  diameters  of  this  section  of  the 
shaft ;  and  a  popliteal  index  is  calculated,  again,  as  proposed  by 
Manouvrier,  on  the  basis  of  the  transverse  diameter  being  equal 
to  100.  Since,  however,  the  popliteal  surface  is  subject  to  much 
variation,  both  as  regards  its  contour  and  its  width,  two  antero- 
posterior diameters  are  measured.  Both  of  these  are  taken  from 
the  most  projecting  point  on  the  front  of  the  shaft,  at  a  distance 
of  4  cm.  above  the  superior  articular  border  of  the  external  con- 
dyle ;  while  posteriorly,  the  one  rests  upon  the  external  supra- 
condyloid  ridge  at  a  corresponding  level,  and  the  other  in  the 
middle  of  the  popliteal  surface  equidistant  between  the  two 
supra-condyloid  ridges :  the  former  is  symbolised  as  ^  nm "  and 
the  latter  as  ''  mp."    From  these  data,  at  the  4  cm.  level, 

Antero-posterior  diameter  (mp)  x  100  _  p^p^te^l  Index. 
Transverse  diameter 

In  calculating  the  above  indices,  it  is  clear  that  they  are  all 
produced  on  the  assumption  that  the  transverse  diameter  =100; 
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consequently  the  mdex  represents  the  relation  of  the  antero- 
posterior diameter  to  this  standard.  Thus,  when  an  index  stands 
at  100,  it  means  that  the  actual  antero-posterior  diameter  is 
equal  to  the  actual  transverse  diameter.  Again,  when  the  index 
is  wnder  100,  then  the  actual  antero-posterior  diameter  is  less 
than  the  actual  transverse  diameter ;  and  similarly,  when  the 
index  is  above  100,  then  the  actual  antero-posterior  diameter  is 
greater  than  the  actual  transverse  diameter.  In  other  words, 
indices  of  100  show  that  the  bone  presents  no  flattening  in  one 
direction  more  than  in  another,  but  tends  more  or  less  distinctly 
to  possess  a  cylindrical  appearance;  whereas  indices  above  or 
below  100  indicate  that  the  shaft  shows  a  degree  of  flattening 
or  expansion  commensurate  with  the  index,  either  in  an  antero- 
posterior or  in  a  transverse  plane. 

Some  additional  facts  have  been  included  in  these  observa- 
tions, such  as  the  diameter  of  the  femoral  head  and  the  maxi- 
mum bicondyloid  diameter.  From  these  data,  tables  have  been 
compiled  to  show  the  average  relation  between  these,  as  well  as 
the  average  relation  which  each  bears  to  the  total  oblique  length 
of  the  femur.  Finally,  I  have  thought  it  worth  while  to  record 
the  position  and  number  of  the  great  nutrient  foramina  seen  on 
the  femoral  shaft,  since  the  point  where  the  nutrient  artery 
enters  can  scarcely  be  a  mere  accidental  spot,  especially  as  the 
direction  of  this  vessel  is  supposed  to  determine  the  more  rapid 
growth  of  the  upper  end  of  the  femur  as  compared  with  the 
lower  end. 

IV.  Methods  of  Observation. 

The  '  total  oblique  length '  was  obtained  by  means  of  Broca's 
Osteometric  Board.  One  would  not  expect  that  a  rigid  bone 
should  give  different  results  in  the  hands  of  different  observers, 
and  yet  there  is  frequently  a  difference  of  one  or  two  millimetres 
under  such  circumstances.  This  ought  not  to  be  so,  and  it  is  no 
doubt  due  to  the  method  of  handling  the  movable  perpendicular 
which  is  applied  to  the  head  end  of  the  bone.  To  obviate  these 
discrepancies,  I  would  suggest  that  the  moving  perpendicular 
should  travel  in  a  metal  groove,  after  the  principle  of  the  instru- 
ments used  by  shoemakers  in  obtaining  the  length  of  the  foot. 

Diameter  of  the  Head  of  the  Femv/r, — like  all  other  diameters, 
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this  was  taken  by  means  of  sfceel  calipers  bavii^  semicircular 
arms  and  blunt  points.  Where  possible,  the  measurements  were 
checked  by  means  of  another  calipers  carrying  straight  arms 
ending  in  sharp  points.  The  greatest  diameter  of  the  head  was 
nearly  always  found  in  the  vertical  transverse  plane,  although 
occasionally  this  diameter  would  lie  in  the  antero-posterior 
direction ;  but  in  most  of  these  instances  one  millimetre  would 
express  the  difference  between  the  two  directions  when  any 
difference  really  existed. 

In  obtaining  the  data  for  the  Platymeric  Index,  Professor 
Manouvrier  suggests  that  the  smallest  antero-posterior  diameter 
be  taken  first ;  and  at  the  level  where  this  is  found,  that  the 
transverse  diameter  be  then  measured.  The  point  at  which  the 
smallest  antero-posterior  diameter  is  situated  varies  slightly  in 
its  distance  below  the  small  trochanter  in  each^  bone.  Professor 
Halliday  Scott,  of  Oti^o  University,  measures  this  diameter  at 
the  level  where  the  spiral  line  crosses  below  the  descending  root 
of  the  smaU  trochanter ;  but  as  this  does  not  in  every  case  corre- 
spond with  the  smallest  antero-posterior  measurement,  I  have 
followed  the  method  suggested  by  Professor  Manouvrier.  It  is 
necessary  to  keep  the  posterior  point  of  the  calipers  to  the  inner 
side  of  the  gluteal  ridge,  especially  when  this  ridge  is  situated 
directly  upon  the  posterior  surface  of  the  shaft. 

In  measuring  the  diameters  of  the  middle  or  pilastric  section 
of  the  shaft,  the  greatest  antero-posterior  diameter  is  taken  first 
This  may  or  may  not  correspond  to  the  middle  of  the  shaft, — 
in  very  many  instances  it  lies  below  the  middle  of  the  shaft ; 

but  wherever  it  be,  at  that  level,  the  transverse  diameter  is 

also  taken  in  a  plane  parallel  to  the  posterior  surfaces  of  the 
condyles. 

It  has  been  more  difficult  to  obtain  a  fixed  level  at  which  to 
measure  the  popliteal  diameters  because  of  the  shape  of  this 
section  of  the  shaft  of  the  femur ;  and  as  there  is  no  natural 
landmark,  an  artificial  line  has  been  selected,  which,  as  already 
indicated  (vide  ante),  is  at  a  distance  of  4  cm.  above  the  anterior 
articular  surface  of  the  external  condyle.  In  all  my  popliteal 
measurements  I  have  adhered  to  this  4  cm.  level,  although, 
as  Professor  Manouvrier  has  suggested,  it  is  quite  admissible 

^  Trans,  New  Zealcmd  Inai,,  vol.  zxvi.,  1893. 
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to  Bomewhat  increase  or  diminish  this  distance  according  as 
the  f  emor  be  loz^r  or  shorter  than  the  avei'age. 

The  distance  of  the  linea  aspera  from  the  external  condyle 
expresses  the  vertical  length  of  the  popliteal  surface  of  the 
femor.  I  have  measured  it  from  the  posterior  aspect  of  the 
external  condyle  upwards  to  a  point  at  which  it  could  be  defin- 
itely determined  that  the  margins  of  the  linea  aspera  were 
diverging  from  each  other.  Of  necessity,  this  upper  point  is  far 
from  being  precise,  although  the  amount  of  error  can  never  be 
so  great  as  to  invalidate  the  value  of  the  measurement. 

The  maximum  bicondyloid  diameter  is  the  greatest  width 
between  the  non-articular  surfaces  of  the  two  condyles.  It 
cannot  be  rendered  if  there  has  been  damage  to  either  the  inner 
or  the  outer  surface  in  this  r^on. 

The  popliteal  diameters  ''  mn  "  and  *'  mp  "  have  already  been 
explained.  They  are  placed  together  in  the  tables  for  contrast. 
When  "  mp "  is  equal  to  or  greater  than  "  mn,"  then  the  popli- 
teal surface  of  the  femur  tends  either  to  flatness  or  convexity, 
which  signifies  that  the  general  cylindrical  form  of  the  shaft 
has  been  prolonged  to  a  lower  level  than  is  usually  seen  in 
modern  European  femora ;  for  in  them  the  rule  is  that  '*  mp  "  is 
less  than  **  mn,"  or,  in  other  words,  the  popliteal  surface  is  more 
or  less  concave. 

V.  Discussion  of  Dbtau^. 

One  noteworthy  feature  of  the  collection  of  femora  which  I 
have  examined  is,  that  with  the  exception  of  the  British  speci- 
mens, the  great  majority  are  in  natural  purs,  and  consequently 
one  is  constantly  impressed  with  the  great  amount  of  variation 
which  the  two  femora  from  one  individual  almost  always  present, 
— a  variation  which  is  not  confined  to  one  part  of  the  bones, 
but  affects  them  ia  nearly  all  their  particulars.  I  have  not  seen 
any  pair  of  femora  which  are  absolutely  symmetrical,  although 
the  nearest  approaches  to  perfect  symmetry  were  found  in  the 
femora  of  a  Gibbon  and  a  young  Chimpanzee,  while  coming  next 
in  order  there  were  pairs  of  Australian,  Andaman,  Kaffir,  Negro, 
and  Lapp  femora. 

1.  Total  oUique  length. — ^The  absence  of  uniformity  in  the  total 
oblique  length  was  very  marked  in  most  of  the  'pairs ' — the 
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greatest  observed  difference  being  21  mm.  in  the  case  of  the 
femora  fomid  in  a  mound  near  Melita,  Manitoba.  A  difference 
of  14  mm.  was  noted  in  a  pair  of  Australian  female  femora  col- 
lected by  the  "  Challenger  '*  Expedition  in  Victoria,  while  differ- 
ences of  6  and  7  mm.  were  found  among  pairs  of  Andaman,  N^ro, 
Hindoo,  and  Chinese  femora.  The  usual  amount  of  difference 
varied  from  1  to  5  mm. 

The  shortest  individual  bone  was  from  a  female  Laplander,  in 
whom  the  right  femur  measured  357  mm.  and  the  left  361  mm. 
In  a  male  Andaman  the  right  femur  was  361  mm.,  while  the 
same  figure  was  recorded  in  a  specimen  belonging  to  Sir  William 
Turner's  teaching  collection. 

The  longest  femora  examined,  again,  belonged  to  the  same 
collection.  Of  these  one  measured  546  mm.,  and  another  507 
mm.  A  specimen  obtained  from  the  dissecting-room  ^  measured 
505  mm.  The  femur  approaching  most  nearly  to  the  above  was 
that  of  a  male  Hindoo,  which  measured  504  mm. 

By  reducing  the  measurements  of  length  to  a  series  of  averages, 
and  including  male  and  female  in  the  calculation,  we  find  that 
the  Negro  femora  stand  first  at  459'6  mm.  Coming  next  are 
the  British  at  459  nmi.,  and  after  them  the  Australian  at  458*7 
mm.  Five  female  femora  from  the  Sandwich  Islands  averaged 
404  mm.,  while  only  the  Laplanders,  at  380'5  mm.,  and  the 
Andaman,  at  3751  mm.,  were  below  400  millimetres.  All  those 
groups  of  femora  which  I  have-  not  entered  in  the  table  of 
averages,  because  of  there  being  so  few  in  each  group,  averaged 
above  400  mm. 

2.  ZHameter  of  femoral  head, — In  this  measurement  a  want  of 
uniformity  has  also  to  be  noted  so  far  as  the  *  pairs '  are  con- 
cerned, although  it  was  not  so  general  as  in  the  case  of  the 
length,  and  it  only  varied  from  '5  to  1  mm. 

The  smallest  diameter  of  the  head  was  34  mm.,  and  it  occurred 
in  a  female  Andaman.  The  femoral  head  in  none  of  the  Anda- 
mans  reached  40  mm.,  while  the  smallest  measurement  seen  in 
a  male  Andaman  was  35  mm.    This  diameter  was  also  fo.und 

'  As  the  presence  of  foreign  subjects  is  a  matter  of  extreme  rarity  in  the  dis- 
secting-room, there  is  no  strong  reason  for  doubting  the  British  origin  of  the 
femora  quoted,  more  especially  as  they  exceed  in  length  any  of  the  possible 
souToes  of  error. 
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below  40  mm.  in  2  Australian,  2  N^ro,  2  Hindoo,  2  Lapp,  2 
Sandwich  Islands,  and  1  dissecting-room  femur,  and  in  all  of 
these  cases  they  were  from  females.  Except  among  the  Anda- 
mans,  no  male  femur  had  a  head  diameter  less  than  40  mm. 

Fifteen  femora  showed  a  head  diameter  of  50  mm.  and 
upwards.  Of  these,  11  were  from  modem  Europeans,  mostly 
British  ^ ;  1  from  the  ancient  bones  found  at  Leicester,  1  from 
Manitoba,  and  2  Sikh. 

The  largest  head  diameter  was  57  mm.  in  a  British  femur. 

Dealing  with  the  averages  of  the  head  measurements,  we  may 
exclude  the  Sikh  femora,  since  only  two  of  them  were  examined. 
Of  the  remainder,  the  bones  found  near  the  Roman  wall  at 
Leicester  yielded  an  average  diameter  of  47*8  mm.  Next  to 
these,  the  modem  British  femora  gave  47'6  mm.,  the  Maori 
44-7,  the  N^ro  43-8,  the  Hindoo  43-5,  the  Eskimo  43-2, 
Australian  42*5,  Laplander  403,  Sandwich  Islanders  (all  females) 
39,  Andamans  361,  and  four  Chimpanzee  femora  31'5.  A 
reference  to  the  tabulated  averages  will  show  that  the  oblique 
femoral  length  is  rather  more  than  ten  times  the  diameter  of  its 
head  in  the  Australian,  Andaman,  Negro,  Hindoo,  and  Sandwich 
Islands  femora;  but  slightly  less  than  ten  times,  in  the 
Maori,  Laplander,  Eskimo,  and  British  femora  Of  the  Anthro- 
poid femora,  the  same  proportions  were  found  to  be  11  in 
the  Gibbon,  8*8  in  the  Chimpanzee,  7*5  in  the  Gorilla,  and  7-3 
in  the  Orang-utan.  So  far  as  these  figures  can  constitute  a 
basis  of  comparison,  they  place  the  Gibbon  at  one  end  of  the 
human  series,  and  the  Chimpanzee,  Gorilla,  and  Orang-utan  at 
the  ottier. 

Passing  from  the  consideration  of  the  diameter  of  the  femoral 
head  to  an  examination  of  its  articular  surface,  there  are  two 
outstanding  conditions  which  deserve  notice.  In  the  first  of 
these,  the  margin  of  the  articular  surface  is  sharply  defined  from 
the  adjoining  neck,  and  in  the  second,  the  articular  surface 
encroaches  more  or  less  distinctly  upon  the  anterior  and  upper 
aspect  of  the  neck.      In  the   bones    under   consideration,  a 

*  With  reference  to  the  possibility  of  the  British  Collection  haying  accidentally 
included  foreign  femora,  of  which  Negro  specimens  are  the  most  probable,  it  is 
interesting  to  note  that  of  the  Britiah  Collection  25  per  cent,  had  head  diameters 
of  50  mm.  and  upwards,  while  the  highest  Negro  diameter  was  only  47  mm. 
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sharply  defined  margin  to  the  articular  surface  characterised 
those  of  the  Andaman,  Australian,  Laplanders,  Bushman, 
Sandwich  Islanders,  Creole,  Egyptian,  Manitoba,  from  Lei- 
cester, and  the  great  majority  of  the  Maori  and  British 
femora.  On  the  other  hand,  an  encroachment  of  the  articular 
surface  on  the  neck  of  the  femur  was  noted  in  four  or  five 
British  femora,  and  in  those  of  the  Hindoo,  Bengalee,  Sikh, 
Malay,  Eskimo,  Chinese,  Negro,  Kaffir,  one  of  the  Sandwich 
Islands  group,  and  in  three  of  the  Maori  group.  Professor 
Charles  ^  of  Lucknow  has  shown  that  this  extension  in  the  case 
of  the  Punjabi  is  to  be  associated  with  the  attitude  of  squatting ; 
and  while  there  is  every  reason  for  accepting  this  explanation,  it 
is  evident  from  the  above  subdivision  that  a  squatting  attitude 
— ^as,  for  example,  in  the  Australian  aboriginals — is  not  always 
associated  with  this  peculiar  extension  of  the  articular  surface. 

The  depression  for  the  attachment  of  the  ligamentum  teres 
was  present  in  all  the  human  femora,  in  varying  degrees  of 
distinctness,  shape,  and  size.  Two  varieties  of  shape  were 
noted — elox^ted  in  the  antero-posterior  direction,  and  circular. 
In  those  cases  where  the  depression  was  deep,  numerous  well 
marked  foramina  occupied  the  fossa,  but  when  the  depression 
was  shallow,  the  foramina  were  either  small  or  entirely  awant- 
ing,  thereby  leaving  the  bottom  of  the  depression  smooth, 
although  always  somewhat  irregular.  The  extreme  of  elonga- 
tion was  seen  in  the  Maori  femora,  and  throughout  this  entire 
series  the  depression  was  markedly  elongated,  the  antero- 
posterior length  being  frequently  three  times  as  much  as  the 
vertical  measurement.  An  elongated  outline  also  characterised 
this  depression  in  the  Laplander,  Malay,  Sikh,  Hindoo,  Egyptian, 
Chinese,  and  male  Negroes,  with  one  exception,  although  the 
depth  varied  greatly ;  while,  again,  in  the  Australian,  Andaman, 
Sandwich  Island,  Bengalee,  Bushman,  one  Hindoo,  one  male 
N^ro,  and  the  N^resses,  the  general  aspect  of  the  depression 
was  circular,  with  occasionally  sl^ht  tendencies  to  elongation. 

Among  the  British  femora  a  great  deal  of  variety  was  shown ; 
and  while,  for  the  most  part,  the  depression  was  circular  in  type, 
yet  there  were  instances  of  well  marked  elongation.  In  one 
femur  the  depression  was  not  only  elongated,  but  there  was  a 

'  Professor  Charles,  Jowm,  o/Anat,  andPhys,,  vol.  zzyiii. 
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wide  noo-articalar  area,  extendiiig  from  llie  lower  border  of  tbe 
depression  downwards  to  the  neck  of  the  bone. 

3.  SiiA4rochafUerie  Region  and  Flafymerie  Index, — Tbe  indieeB 
of  plat^mery  which  I  have  noted  vary  from  SB'S  in  a  Ibon 
(fig.  1)  to  115  in  a  British  femnr  (fig.  3^  and  nothii^  oonld  be 
more  striking  than  the  general  appearances  of  these  two  bones; 
for  whereas  in  the  former  the  width  is  nearly  twice  as  great  as 
the  antero-posteiior  measurement,  in  the  latter  the  width  is  dis- 
tinctly lees  than  the  antero-poeterior  diameter.  I  have  alsQ 
fonnd  this  index  as  low  as  58*8  in  a  Sandwich  Island  femnr,  and 
at  60  in  an  midoubtedly  British  femnr.  Again,  while  die  Britiafa 
femnr  above  referred  to  at  115  was  quite  healthy,  another  cme 
of  die  same  group  (P),  idiich  presented  evidence  of  ladntia, 
gave  a  platymerie  index  of  122. 

Apart  from  these  extreme  forms  of  platymery,  the  table  of 
avenges  {q.v.)  shows  that  this  condition  is  most  pronoonced 
among  the  Maori  femora  where  my  measurements  gave  the 
average  of  63*6,  with  limits  of  variation  from  58'8  to  68'9, 
These  results  are  calculated  only  on  14  bones,  and  Professor  Scott 
of  Dunedin  records  tbe  average  of  50  Maori  bones  measured  by 
him  at  64'3,  with  54'8  and  81*3  as  their  limits  of  variation.^ 

The  five  female  Sandwich  Island  femora  measured  by  me 
returned  an  average  platymerie  index  of  65'4,  and  the  seven 
femora  found  at  Leicester  67*7,  so  that  in  both  of  these  groups 
there  is  a  very  well  marked  widening  of  this  section  of  the 
femoral  shaft.  Although  individual  femora  from  other  races 
may  also  present  this  condition  of  ilat  femur, — «^.,  British  femora 
at  60 (fig.  2),  65,  676 ;  Hindoo  femora  at  63,  67 ;  and  a  Lapp 
femur  at  67*8, — ^yet  platymery  is  not  a  condition  which  aflTects 
any  existing  race  to  the  same  extent  as  it  is  found  in  the  Maoris. 

Notwithstanding  the  wide  range  of  variation  shown  by  the 
43  modem  British  femora,  the  average  index  from  them  is  81*8, 
whieh  is  considerably  lower  than  the  average  of  86'6  recorded 
by  Professor  Scott'  for  20  European  femora. 

The  highest  average  index  recorded  in  my  table  is  88'3  for  4 
Eskimo  femora,  but  here  the  small  number  of  observations 
detracts  from  their  value.  For  any  number  of  femora  greater 
than  four,  the  average  of  82*2  for  14  Australian  femora  takes 

'  TroModiatu  of  New  Zealand  InaUtuU,  1898^  toL  zxvi.      *  Soott^  loe.  eU. 
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precedence.  Although  the  number  of  Anthropoid  femora  exam- 
ined was  small,  yet  for  comparison  their  average  indices  may  be 
noted  here,  viz.,  Gibbon  87'4,  Gorilla  82'2,  Chimpanzee  74*7, 
Orang-utan  75 ;  and  clearly  none  of  these  present  any  evidence 
of  pronounced  platymery,  so  that  they  are  evidently  not  affected 
by  those  conditions  which  cause  this  peculiar  form  of  flattening 
in  the  sub-trochanteric  region. 

For  additional  contrasts,  certain  of  Professor  Manouvrier's 
results  may  be  referred  to  in  this  connection.  In  his  memoir 
on  La  PlcUymhrie,  the  highest  index  recorded  is  128  in  an 
ancient  Parisian  (St  Marcel)  femur,  and  the  lowest  56'4  from  a 
neolithic  femur  of  Gr^cy-en-Brie.  An  ancient  Canary  Islander 
yielded  58*8,  while  10  modern  French  femora  varied  from  75  to 
117'3,  their  mean  index  being  88*2.  For  modem  Parisian 
femora  the  mean  indices  lie  between  80  and  100. 

Sir  William  Turner  ^  has  also  described  extreme  degrees  of 
platymery  in  human  femora,  apparently  of  neolithic  age,  from 
the  Oban  caves.  In  a  right  femur  the  platymeric  index  was 
58'8,  and  in  the  left  56*4.  These  figures  exactly  correspond  with 
the  lowest  indices  recorded  by  Manouvrier  and  referred  to  above, 
but  neither  of  them  is  so  low  as  the  minimum  recorded  by  Pro- 
fessor Scott  in  the  Maoris,  although  58'8  occurs  twice  among  the 
Maori  femora  which  have  passed  through  my  hands. 

Platymery,  therefore,  appears  to  be  a  condition  which  results 
from  causes  that  affected  a  wide  variety  of  ancient  races ;  and 
although  marked  degrees  of  flat  femur  make  their  appearance 
among  modern  peoples,  yet  it  is  among  the  Maoris  that  it  is 
really  found  as  a  racial  character.  There  seems  no  reason  to 
doubt  that  the  configuration  of  the  bone  results  from  muscular 
development  in  response  to  some  special  form  of  active  exercise, 
as  Professor  Manouvrier  has  suggested,  such  as  hunting  and 
cUmbing  over  rough  ground.  An  examination  of  the  sub-tro- 
chanteric section  of  the  shaft  of  a  femur  presenting  well  marked 
platymery  reveals  the  presence  of  inner  and  outer  borders, 
usually  very  distinct ;  the  latter  has  been  named  by  Sir  William 
Turner  the  infra-trochanteric  ridge^  and,  as  a  rule,  it  fades  away 
more  or  less   abruptly  opposite  the  lower  end  of  the  rough 

^  Sir  William  Turner,  *'0n  Human  and  Animal  Remains  found  in  Caves  at 
Oban,  Argyllslure,''  Proc,  Soe,  Antiq,  ScoUand,  1895. 
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impression  for  the  insertion  of  the  gluteus  maximus  muscle. 
The  anterior  surface  of  this  section  of  the  femur  may  present  a 
convex  contour,  or  it  may  be  hollowed  out  immediately  below 
the  anterior  inter-trochanteric  ridge,  which  in  some  cases  may 
be  partially  reduced,  and  even  rendered  somewhat  concave. 

On  the  posterior  surface  of  the  shaft,  the  gluteal  impression  in 
such  bones  is  usually  not  only  a  prominent  feature,  but  becomes 
extremely  important,  from  the  frequency  with  which  its  upper  end 
is  enlarged  to  form  a  third  trochanter.  In  an  ordinary  Euro- 
pean femur  the  gluteal  ridge  occupies  a  median  position  upon 
the  posterior  aspect  of  the  shaft,  but  in  those  which  show  platy* 
meiy  it  is  situated  nearer  to  the  outer  than  to  the  inner  aspect 
of  the  bone.  Sometimes  it  is  separated  from  the  infra- 
trochanteric  ridge  by  a  longitudinal  groove  or  flat  area ;  at  other 
times  no  such  groove  is  seen,  and  then  the  gluteal  ridge  appears 
to  be  placed  upon  the  posterior  aspect  of  the  infra-trochanteric 
ridga  The  extreme  form  of  this  relationship  was  seen  in  the 
Sandwich  Island  and  Maori  femora,  for  in  them  the  gluteal 
lidge  formed  a  prominent  feature  when  the  shaft  was  viewed 
from  the  external  aspect.  Indeed,  in  these  femora  the  gluteal 
ridge  was  placed  postero-extemally,  and  in  one  instance  the 
gluteal  ridge  was  in  reality  situated  upon  the  external  aspect 
of  the  infra-trochanteric  ridge.  As  already  stated,  Manouvrier 
associates  platymery  with  active  exercise  over  hilly  country; 
and  he  accounts  for  the  flattening  of  the  bone  through  the 
increased  development  of  the  upper  ends  of  the  vastus  intemus 
and  cmreus  muscles,  upon  which  increased  strain  is  thrown  in 
the  act  of  extending  the  knee-joint  when  the  sole  of  the  foot 
rests  upon  the  ground  as  in  climbing.  There  is  no  doubt  that 
this  explanation  is  correct ;  but  extension  of  the  knee-joint  must 
be  accompanied  by  extension  of  the  hip-joint,  in  the  production 
of  which  the  chief  factor  is  the  powerful  gluteus  maximus.  In 
all  acts  of  climbing  or  ascending  inclines,  this  muscle  raises  the 
trunk  by  extending  the  hip-joint ;  and  in  platymeric  bones,  the 
frequent  presence  of  a  third  trocharvter,  as  also  the  peculiar 
position  of  the  gluteal  ridge,  indicate  increased  activity  and 
power  on  the  part  of  the  gluteus  maximus.  The  sub-trochanteric 
region  of  the  shaft  ia  thus  placed  between  two  sets  of  forces,  and 
the  result  is  the  gradual  increase  in  its  width,  and  diminution  in 
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its  antero-posterior  diameter.  In  order  that  these  inodificatiouff 
may  result,  we  have  to  suppose  a  very  frequent  flexed  condition 
of  the  hip-  and  knee-joints,  and  therefore  other  osseous  changes 
are  sure  to  follow ;  and  Manouvrier  and  Turner  have  pointed  out 
the  concurrent  association  of  platyknemia  with  platymery.  It  is 
also  worthy  of  note  that  a  flexed  condition  of  the  hip-joint  is 
the  position  in  which  the  glutei  medius  et  minimus  lose  their 
power  of  abductors,  and  become  internal  rotators  of  the  femur ; 
and  it  seems  to  me  that  in  this  coincidence  there  lies  part  of 
the  explanation  of  the  great  amount  of  inward  rotation  that 
many  femoral  shafts  exhibit,  as  weU  as  of  the  manner  in  which 
the  head  and  neck  of  these  bones  appear  to  project  forwards  to 
an  unusual  extent.  There  was  no  trace  of  a  third  trocharUer  in 
any  of  the  Anthropoid  femora  which  I  have  examined.  In  the 
Gorilla  and  Orang  the  gluteal  ridge  was  placed  upon  the  external 
lateral  aspect  of  the  bone,  but  in  the  Chimpanzee  it  was  not  so 
distinctly  lateral  in  position ;  and,  as  has  already  been  mentioned, 
the  degree  of  platymery  was  not  very  pronounced  in  any  of 
them. 

4.  TJie  Middle  Section  of  the  Femur  and  the  Pilastric  Index. — 
It  is  in  this  portion  of  the  femoral  shaft  that  the  cylindrical 
character  is  most  developed.  On  the  anterior  aspect  it  is 
smooth  and  convex  from  side  to  side.  Posteriorly  there  is  a 
rough  area  of  li7iea  a^era,  the  lateral  margins  or  lips  of  which 
stand  out  with  varying  degrees  of  prominence,  and  are  continued 
both  upwards  and  downwards  into  the  adjoining  portions  of  the 
shaft  as  ridges,  which  form  characteristic  features  of  the  regions 
where  they  are  placed.  In  certain  femora  the  linea  aspera  is 
carried  backwards  as  a  crest  or  pilastre,  whereby  the  antero- 
posterior diameter  of  the  shaft  is  increased  relatively  to  the 
transverse  diameter,  and  in  consequence  the  shaft  appears 
flattened  in  the  transverse  direction.  The  index  which  ex- 
presses the  amount  of  this  form  of  flattening  is  called  the 
pilastric  index.  In  such  bones  the  shaft  presents  a  somewhat 
prismatic  transverse  section,  and  each  postero-lateral  surface 
tends  to  be  somewhat  concave.  These  lateral  hollows  may  be 
described  as  external  and  internal  lougitudinal  pilastric  fossae. 
The  external  fossa  is  the  more  distinctly  developed  of  the  two. 
It  corresponds  closely  with  the  attachment  or  origin  of  the 
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vastus  externus  muscle.  The  internal  longitudinal  pilastric 
fossa,  ejg.y  Eskimo  and  Negro,  is  usually  very  shallow,  and  is 
frequently  replaced  by  a  flat  surface,  which  may  even  become 
distinctly  convex,  as  in  Chinese  and  Kaffir.  These  features  of 
this  section  of  the  shaft  result  from  the  attachments  and  vary- 
ing degrees  of  development  of  the  vasti  and  crureus  muscles. 
According  to  Manouvrier,^  the  vastus  externus  is  responsible, 
not  only  for  the  main  characteristics,  but  also  for  the  position 
in  which  we  find  the  gluteal  ridge,  since,  by  the  upward  exten- 
sion of  the  vastus  externus,  the  fossa  which  it  occupies  is  carried 
in  front  of  the  gluteal  ridge,  which  is  thereby  thrown  backwards 
upon  the  posterior  aspect  of  the  shaft  The  same  observer  also 
accounts  for  the  presence  of  a  pilastre  situated  between  the 
origins  of  the  vastus  externus  and  vastus  intemus  muscles, 
exactly  in  the  manner  in  which  the  crests  are  formed  on  the 
cranium  of  the  goiilla,  between  its  temporal  and  occipital 
muscles.  Consequently  there  is  a  close  relationship  to  be  ex- 
pected between  the  amount  of  flattening  in  the  antero-posterior 
direction  (pkUymeric  index)  and  the  amount  of  flattening  in  the 
transverse  direction,  as  expressed  by  the  pilastric  index.  Subject 
to  individual  variations,  the  general  results  which  I  have  obtained 
harmonise  with  Manouvrier's  conclusion.  Tlie  highest  individual 
pHasiric  indices  which  I  have  obtadned  were  found  on  the  femora 
of  an  Australian  from  Eiverina,  N.S.W.,  in  whom  the  right  bone 
gave  an  index  of  132,  and  the  left  an  index  of  148  (fig.  4),  bringing 
out  very  distinctly  that  absence  of  uniformity  which  characterises 
nearly  all  the  features  of  a  pair  of  thigh-bones.  High  indices 
were  recorded  as  follows: — one  Negro  femur,  131-9;  modern 
British  femora,  1307, 128, 126 ;  Creole  and  Eskimo,  123 ;  Bush- 
man, 1217.  The  range  of  variation  in  fifteen  Maori  femora  was 
from  100  to  126. 

The  lowest  indices  I  have  measured  were  in  the  following 
femora: — one  modem  British,  857  (fig.  6);  one  from  near  a 
Boman  wall  at  Leicester,  91*8 ;  one  Sikh,  91 ;  one  Negro,  96'4; 
two  Chinese,  96 ;  two  Andaman,  100 ;  three  Maori,  100 ;  in  the 
Eskimo  and  Australian  groups,  the  lowest  recorded  indices  were 
112-9. 

# 

'  Manoavrier,  *' Etude  sur  lea  variations  morphologiques  du  corps  du  f^mur 
duw  Tespioe  humaine,'*  Bull,  Soc,  (PAfUkrop.  de  Pom,  Oct.  1802. 
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Turning  to  the  consideration  of  the  averages  obtained  from  an 
examination  of  four  or  more  femora,  these  maj  be  arranged  as 
follows: — Australian  (14  bones),  122-2 ;  Eskimo (4  bones),  118*4 ; 
Negro  (4  bones),  114*5;  Andaman  (12  bones),  113*4;  Sandwich 
Islands  (5  bones),  112*6 ;  Maori  (15  bones),  110 ;  modem  British 
(43  bones),  109*3;  Hindoo  (6  bones),  107*2;  Laplander  (4  bones), 
105*8 ;  8  femora  from  near  a  Roman  wall  at  Leicester,  98*3. 

A  reference  to  the  accompanying  table  of  average  indices  will 
show  that,  while  the  low  platymeric  indices  of  the  Maori  are 
associated  with  comparatively  high  pilastric  indices,  yet  it  is 
not  the  case  that  the  Icxwest  platymeric  indices  are  found  in  con- 
junction with  the  highest  pilastric  indices.  Professor  Scott,  from 
the  examination  of  fifty  Maori  femora,  obtained  an  average 
pilastric  index  of  115*8,  with  variations  between  96*4  and  138; 
and  even  when  we  make  allowance  for  the  fact  that  his  calcu- 
lations of  this  index  have  reference  to  the  middle  of  the  femoral 
shaft,  and  not,  as  in  my  measurements,  to  the  level  of  the 
greatest  antero-posterior  diameter,  yet  the  Maori  does  not  possess 
the  highest  pilastric  index. 

My  averages  show  that  the  pilastric  index  of  the  Maori  is 
exceeded  by  that  of  the  Australian,  Eskimo,  Negro,  and  Anda- 
man groups  of  femora,  in  none  of  which  is  the  platymery  a 
markcKl  feature.  On  the  other  hand,  in  the  British,  Hindoo, 
and  Lapp  femora,  whose  platymeric  index  is  higher  than 
that  of  the  Maori,  the  pilastric  index  is  less  than  that  of 
the  Maori. 

It  is  certainly  a  remarkable  fact  that  the  femora  from  near 
the  Roman  wall  at  Leicester  should  present  such  well  marked 
platymery  as  is  indicated  by  an  average  index  of  67*7,  and  at 
the  same  time  only  show  an  average  pilastric  index  of  98*3. 

Facts  like  these  force  me  to  the  conclusion  that  while  the 
'femur  k  pilastre'  is  certainly  associated  with  the  most  pro- 
noimced  conditions  of  platymery,  yet  high  degrees  of  the  two 
conditions  may  present  themselves  quite  apart  from  each  other, 
and  consequently  those  conditions  result  from  two  distinct  sets 
of  causes,  which  may  likewise  operate  together  or  separately. 
It  is  only,  therefore,  in  a  general  way  that  I  can  corroborate 
Manouvrier's  statement  that  a  low  pilastric  index  is  associated 
with  ^plaiymerie  accerUu^e' — (the  femora  from  Leicester  illus- 
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teate  tiiis  point), — and  that  a  high  pilastric  index  is  associated 
with  ^pUAymkrie  nuUe*  as  shown  by  the  Australian  femoia. 
On  the  other  hand,  the  Maori  femora^  in  which  platymeiy  is 
their  most  distinctive  characteristic,  gave,  as  ahready  stated  in 
my  group  of  fifteen,  an  average  pilastric  index  of  110,  and  in 
Professor  Scott's  fifty  an  average  pilastric  index  of  115*8. 

5.  The  Popliteal  Section  of  the  Femoral  Shaft  and  the  Popliteal 
iTidex, — ^As  I  have  recently  discussed  this  r^on  of  the  femur 
in  a  separate  paper,^  it  is  not  necessary  to  do  more  than  shortly 
to  summarise  its  measurements  and  averages  in  order  to  bring 
them  into  contrast  with  the  platymeric  and  pilastric  indices. 
At  an  earlier  stage  in  this  paper  I  have  indicated  the  level  at 
which  the  measurements  necessary  for  calculating  the  popliteal 
index  are  taken,  as  well  as  the  significance  and  value  of  the 
antero-posterior  diameters  ''mn*"  and  "mp,"  and  the  general 
features  of  the  popliteal  surface  of  the  femur. 

The  lowest  individual  popliteal  indices  among  the  human 
femora  were  65  in  the  case  of  a  fragmentary  femur  found  near 
the  Soman  wall  at  Leicester,  and  66  in  a  British  femur  (fig.  9) 
obtained  from  the  dissecting-room.  It  is  quite  evident  that  tiiese 
figures  indicate  a  very  considerable  amount  of  antero-posterior 
fiattenii^  When,  however,  these  are  compared  with  the  lowest 
index  of  the  Gorilla,  which  was  50*9  (fig.  10),  the  difference  in 
the  shapes  of  the  respective  bones  will  be  readily  appreciated. 

The  highest  popliteal  indices  were  found  in  three  Australian 
fonoia,  viz.,  96*9  (fig.  8),  93*5,  and  91.  Coming  close  after  these, 
a  Negro  femur  gave  90,  and  one  British  89*7.  The  popliteal  indices 
of  the  two  Gibbon  femora  formed  a  remarkable  contrast  to  those 
just  stated,  for  at  the  4  cm.  line  one  femur  gave  an  index  of 
100,  and  the  other  102*5,  that  is  to  say,  these  two  bones  possessed 
popliteal  indices  higher  than  their  pilastric  indices — the  only 
instances  of  such  a  condition  throughout  the  entire  series  of  my 
observations.  If,  however,  we  admit  that  a  distance  of  4  cm. 
above  the  external  condyle  is  an  excessive  amount  to  allow  for 
bones  whose  total  length  was  only  about  205  mm.,  and  make 
measurements  at  a  distance  of  2  cm.  above  the  external  condyle, 
then  the  resulting  indices  of  the  two  bones  were  81*5  and  88, — 

1  "  The  Trinil  Femur  (PUheeanthropm  erectus)  contrasted  with  the  Femora  of 
TirioTis  Sayage  and  Ciyilised  Baces,"  Jour.  AruU.  and  Phys,^  Oct.  1896. 
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figures  which  are  in  no  way  remarkable  as  a  contrast  to  the 
pilastric  indices,  although  sufficient  to  give  the  Gibbon  precedence 
among  the  Anthropoid  Apes  in  respect  of  this  index. 

If  we  compare  the  popliteal  indices  from  the  point  of  view  of 
averages,  we  find  the  14  Australian  femora  gave  85-3 ;  6  Hindoo, 
82-8  ;  9  Negro,  81'8;  43  British,  781 ;  2  Bengalee  femora,  87*2 ; 
2  Creole,  85 ;  2  Kaffir,  825 ;  and  2  Bushman,  81. 

It  is  necessary,  in  considering  these  indices,  to  keep  constantly 
in  mind  that  a  small  transverse  diameter  is  just  as  e£Fective  in 
producing  a  high  index  as  a  large  antero-posterior  diameter,  and 
therefore  high  popliteal  indices  require  to  be  checked  as  regards 
the  question  of  the  convexity  of  the  popliteal  surface  by  a  com- 
parison of  the  diameter  "  mn  **  with  that  of  "  mp." 

Another  very  important  consideration  in  this  connection  is 
the  absolute  vertical  length  of  the  popliteal  surface.  In  the 
tables  this  measurement  is  included  under  the  head  of  "distance 
of  linea  aspera  from  external  condyle,"  and  I  have  reduced  that 
set  of  figures  to  a  series  of  averages.  As  a  residt  I  find  that  in 
the  Australian,  Negro,  Andaman,  Sandwic*h  Island,  Guanche,  and 
modern  British  femora,  the  vertical  length  of  the  popliteal  surface 
ranges  from  100*3  mm.  in  the  British  to  111  mm.  in  the  Aus- 
tralian. In  the  few  Guanche  femora  available,  the  average  waa 
115.  On  the  other  hand,  in  the  Bushman,  Hindoo,  British  (from 
near  Soman  wall),  Maori,  Lapp,  and  Eskimo,  the  same  measiire- 
ment  ranged  from  97*5  in  the  Bushman  to  77*7  in  the  Eskimo. 

The  value  of  these  averages  is  at  once  evident  when  we  tabu- 
late the  groups  in  which  occur  the  instances  of  the  diameter 
"  mp  "  greater  than  "  mn."  I  have  observed  this  condition  in 
twenty-seven  of  the  human  femora  which  have  been  under  con- 
sideration. These  occurred  as  follows : — ^Andaman,  5 ;  Guanche, 
2 ;  Australian,  3 ;  Negro,  3 ;  modern  British,  8,  although  two  of 
these  may  be  regarded  as  due  to  pathological  conditions ;  Hindoo, 
2  ;  Bushman,  2 ;  Lapp,  1 ;  Eskimo,  1.  Now,  it  will  be  seen  that 
twenty-one  of  these  were  associated  with  a  popliteal  surface  over 
100  mm.  in  average  vertical  length,  and  only  six  with  a  popliteal 
surface  of  ]ess  than  an  average  of  100  mm. 

Twenty-three  of  the  above  cases  occurred  in  those  groups 
where  the  average  total  oblique  length  of  the  femora  varied 
from  8*4  to  4*4  times  the  avere^e  popliteal  length,  and  only  four 
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cases  occurred  among  Hindoo,  Lapp,  and  Eskimo  groups  where 
this  ratio  was  from  47  to  4*8.  In  the  Maori  group  the  ratio 
was  4*9,  and  no  instances  of  ''  mp "  greater  than  "  mn "  were 
seea 

It  appears,  therefore,  that  one  is  more  likely  to  find  "  mp " 
greater  than  ''  mn  "  when  the  popliteal  surface  is  long  rather 
than  when  it  is  short,  whereas  with  a  short  popliteal  space  one 
would  have  expected  that  the  pilastric  conditions  would  have 
tended  to  increase  the  antero-posterior  diameter  "  mp." 

In  the  various  tables  an  index  is  established  between  the 
transverse  popliteal  diameter  at  4  cm.  and  the  maximum  bicon- 
djloid  diameter,  on  the  basis  of  the  latter  being  equal  to  100. 

The  influence  of  this  index  upon  both  the  popliteal  index  and 
the  diameter  ^  mp  "  seems  to  be  erratic  and  uncertain,  although, 
as  an  expression  of  the  mechanical  proportions  between  two 
important  parts  of  the  femur,  it  is  of  much  interest  Thus  we 
find  this  index  demonstrating  by  its  averages  that  in  modem 
British  femora  the  maximum  bicondyloid  diameter  is  exactly 
twice  the  transverse  diameter  of  the  shaft  at  4  cm.  above  the 
external  condyle.  In  the  Eskimo,  the  maximum  bicondyloid 
diameter  is  slightly  less  than  twice  the  transverse  popliteal 
diameter,  but  in  all  the  others  it.  is  greater  than  twice,  until 
the  limit  is  reached  in  the  Andaman  and  Negro,  where  the 
average  of  43*7  indicates  a  very  narrow  shaft  in  the  popliteal 
region  in  relation  to  the  bicondyloid  diameter. 

Not  only  are  high  popliteal  indices  to  be  looked  for  in  those 
cases  where  the  transverse  popliteal  diameter  is  not  greatly  in 
excess  of  the  transverse  diameter  of  the  shaft  in  the  pilastric 
region,  but  under  these  conditions  the  diameter  ''  mp  "  tends  to 
be  proportionately  larger  on  purely  mechanical  grounds.  Other 
conditions,  causing  a  fulness  which  may  amount  to  a  convexity 
in  the  popliteal  space,  are  the  attachments  of  muscles  and 
aponeuroses  more  extensively  developed  than  usual.  There 
seems  no  reason  to  doubt  that  the  pecidiar  condition  of  the 
upper  end  of  the  popliteal  surface  of  the  Gibbon  is  due  to  its 
special  muscular  and  aponeurotic  attachments.^ 

So  far  as  the  diameters  **  mn  "  and  "  mp"  are  concerned,  a  com- 
parison between  them  shows  that,  in  the  great  majority  of 

^  See  my  paper  on  the  "Trinil  Femur,"  etc. 
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cases, "  mn  "  is  greater  than  "  mp,"  although  there  is  a  sufficient 
frequency  of  the  reverse  condition  to  enable  us  to  r^ard  it  as 
a  human  character.  The  extent  of  ''mn"  depends  upon  the 
prominence  of  the  external  supracondyloid  ridge,  to  which  the 
vastus  extemus  muscle  and  the  external  intermuscular  septum 
are  attached.  The  internal  supracondyloid  ridge  is  always  feebly 
developed,  by  reason  of  its  relationship  to  the  femoral  artery. 
The  diameter  **  mp "  may  be  greater  than  "  mn"  for  two  reasons: 
— ^first,  the  external  supracondyloid  ridge  may  fall  forwards  upon 
the  lateral  aspect  of  the  shaft  instead  of  maintaining  the  pos- 
terior position  from  which  it  starts  at  the  lower  end  of  the 
linea  aspera^  so  that  at  the  level  of  the  4  cm.  line  ''mn"  is 
shorter  than  "  mp  " ;  second,  either  with  or  without  the  associa- 
tion of  the  first  condition,  the  popliteal  surface  may  present  more 
or  less  of  fulness,  amounting  in  some  instances  to  an  actual 
convexity  whereby  "  mp  "  becomes  greater  than  "  mn."  Various 
explanations  have  been  offered  to  account  for  tins  convexity. 
Thus  it  has  been  suggested  that  the  vastus  extemus  may  be  so 
attached  as  to  prolong  the  pilastric  conditions  to  a  lower  level 
than  usual;  but  my  own  observations  tend  to  show  that  it  is  with 
a  long  popliteal  surface  rather  than  with  a  short  one  that "  mp  " 
is  found  greater  than  "  mn." 

Again,  I  have  elsewhere  shown  ^  that  other  muscular  attach* 
ments  may  have  an  important  influence  in  this  direction,  and  in 
the  whole  series  of  Andaman  femora  which  I  have  examined  the 
upper  two-thirds  of  the  popliteal  surface  presented  a  distinct 
ridge  prolonged  downwards  from  the  liriea  aspercu  In  some 
cases  this  ridge  was  situated  midway  between  the  lateral  borders 
of  the  popliteal  surface,  in  others  it  was  nearer  to  the  inner  than 
to  the  4)uter  border.  Lastly,  when  the  transverse  popliteal 
diameter  is  small  in  comparison  with  the  maximum  bicondy- 
loid  and  transverse  pilastric  diameters,  it  is  quite  conceivable  that 
"  mp  "  requires  to  be  increased  by  way  of  providing  a  mechanical 
buttress  to  resist  antero-posterior  strain.  In  very  young  femora, 
and  in  certain  pathological  conditions,  e.^.,  rachitis,  the  popliteal 
surface  also  presents  convex  tendencies. 

6.  Maximum  Bieondyloid  JDiam^er, — ^This  diameter  is  im- 
portant, since  it  is  through  the  condyles  tiiat  the  superincumbent 

*  Hepburn,  **  Trinil  Femur,"  loc.  cU. 
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18  transmitted  to  tiie  tifaia.  I  haTe  studied  it  bom  three 
points  of  view :  first,  its  average  diameter  ib  the  diGGsrent  races ; 
second,  its  relation  to  the  total  oUiqne  length  of  the  shaft; 
third,  its  relatibn  to  the  diameter  of  the  femoral  head. 

First,  as  r^ards  its  average  diameter,  the  hig^iest  average  was 
83'3  mm.  in  the  modem  British  group,  and  the  lowest  was 
66  mm  in  the  Andaman  series.  Second,  the  proportion  of  the 
average  oblique  length  to  the  average  bicondykid  diameter 
varied  from  5'4  in  the  Laplander  femora  and  those  fonnd  near 
Boman  wall,  to  61  in  the  Australian  series,  indicating  that  in 
the  former  the  width  of  the  condylar  region  was  greater,  in  pro- 
portion to  the  length  of  the  femur,  than  in  the  latter.  In  the 
modem  British  series  this  proportion  was  5'5.  In  the  Chim- 
panzee femora,  tiie  same  proportion  stood  at  4-6,  and  in  the 
Gibbon  at  6*3;  in  the  two  (hxng-utan  femora,  4*4,  and  in  the 
single  available  CroriUa  femur,  3*9.  Again,  therefare,  in  reqpect 
of  this  proportion,  as  formerly  seen  in  oonnectioii  with  the  pro- 
portion of  the  total  oblique  length  to  the  diameter  of  the  femoral 
bead,  the  Gibbon  was  separated  from  the  other  Anthropoid 
Apes  by  the  entire  series  of  human  femora  which  I  have 
examined. 

The  relation  between  the  average  diameters  of  the  femoral 
head  and  the  aven^  bicondyloid  diameters  resulted  in  a  very 
remarkable  uniformity,  so  much  so  that  it  would  appear  as  if 
this  relationship  formed  a  mechanical  proportion,  due  to  the 
erect  attitude.  Thus,  the  aven^  bkxnidyloid  diameter  was  1*7 
times  the  aven^  diameter  of  the  femoral  head  in  all  tiie  series 
examined,  with  the  following  exceptions: — Andaman,  1*8;  Sand- 
wich Islanders,  1*9;  Chimpanzee  and  Gorilla,  1-9;  Orang-utan, 
1-6. 

7.  Position  and  Number  of  Nutrient  Foramina. — In  consider- 
ation of  the  importance  of  the  direction  taken  by  the  nutrient 
artery  after  it  enters  the  shaft,  I  thought  it  advisable  to 
measnre  the  distance  at  which  the  nutrient  foramen  was 
sitiiated  from  the  lower  end  of  the  femur,  more  especially  as  the 
plane  of  the  nutrient  foramen  is  a  landmark  in  the  case  of  the 
tibia  for  the  calculation  of  platyknemia. 

I  cannot  say  that  any  very  definite  result  has  been  obtained 
In  several  femora  no  nutrient  foramen  could  be  found.    A  third 


138  DR  DAVID  HEPBURN. 

of  the  entire  number  presented  two  nutrient  foramina,  one  being 
situated  in  each  half  of  the  shaft,  and  sometimes  it  was  the 
upper  and  sometimes  the  lower  which  was  the  larger.  Of  the 
femora  which  only  showed  one  nutrient  foramen,  in  two-thirds 
of  the  cases  this  opening  was  situated  above  the  level  of  the 
middle  of  the  shaft,  and  in  the  remainder  below  this  level.  It 
does  not  appear,  therefore,  the  nutrient  foramen  of  the  femur 
can  form  a  reliable  landmark. 

8.  Tlie  Condylar  Articular  Surfaces. — ^These  surfaces  may  be 
considered  from  two  points  of  view:  first,  the  absolute  extent  of 
the  articular  surfaces ;  and  second,  those  features  which  may  be 
regarded  as  distinctly  htimaUy  as  opposed  to  the  simian  type  of 
articular  condylea 

In  all  the  human  series  the  articular  surface  of  the  external 
condyle  reaches  a  higher  anterior  level  than  the  internal  condylar 
articular  surface.  Posteriorly,  there  is  a  considerable  amount  of 
variation  in  .the  degree  of  prominence  attained  by  the  two  con- 
dyles; for  not  unfrequently,  where  they  adjoin  the  popliteal  space, 
one  or  both  condyles  may  become  flattened,  instead  of  remaining 
convex  in  the  transverse  direction.  Further,  in  such  ca$es,  th)e 
internal  condylar  articular  surface,  in  particular,  is  not  delimited 
by  a  sharply  defined  margin  from  the  lower  part  of  the  popliteal 
surface.  It  is  specially  noteworthy  that  the  articular  surface  of 
the  internal  condyle  may  also  be  found  more  or  less  distinctly 
prolonged  to  the  lower  part  of  the  popliteal  surface  in  close 
proximity  to  the  hinder  part  of  the  intercondyloid  not.ch;  and, 
moreover,  this  extension  is  simultaneous  with  the  extension  of 
the  articular  surface  of  the  head  of  the  femur  already  referred 
to.  I  have  not  seen  either  of  the  extensions  referred  to  in  tiie 
femora  of  Anthropoid  apes,  in  which,  the  head  of  the  femur, 
especially,  has  its  articular  surface  projecting  to  a  marked  ex^tpnt 
beyond  the  neck  in  all  directions. 

As  regards  the  comparison  of  the  human  articular  condyles 
with  the  simian,  the  differences  are  remarkably  distinct.  This 
is  particularly  seen  in  that  part  of  the  articular  surface  common 
to  the  two  condyles,  and  situated  in  front  of  the  intercondyloid 
notch.  In  the  simian  type  this  area  forms  a  wide,  shallow 
groove,  not  only  concave  from  side  to  side,  but  with  its  margins 
forming  the  limits  of  the  concavity.     In  the  human  type  the 
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same  area  is  likewise  concave,  but  in  a  deeper  or  much  more 
abrupt  manner;  and  on  the  external  condyle,  especially,  the  con- 
cavity does  not  extend  to  the  extreme  margin  of  the  articular 
surface,  but  is  limited  by  a  flatter  area. 

Again,  the  upper  border  of  this  region  presents  a  horseshoe- 
shaped  outline  in  the  apes,  which  may  be  slightly  higher  on  the 
inner  aspect,  as  in  the  Gorilla  and  Orang-utan,  or  higher  on  the 
outer  aspect,  as  in  the  Chimpanzee.  In  human  femora,  the  upper 
border  of  this  articular  surface  is  invariably  higher  in  relation  to 
the  outer  condyle,  and  almost  always  presents  a  depression 
immediately  opposite  to  the  deepest  part  of  the  concave  surface. 
Again,  among  the  apes,  the  concave  articular  surface  situated  in 
front  of  the  intercondyloid  notch  is  also  marked  off  from  the 
inferior  condylar  articular  surfaces  by  interruptions  or  notches, 
which  break  the  continuity  of  the  internal  and  external  borders 
of  the  general  articular  surface.  These  non-articular  encroach- 
ments may  also  be  seen  at  the  anterior  end  of  the  intercondyloid 
notch,  where  the  widening  of  the  notch  and  the  sharpness  of  its 
angles  are  due  to  this  cause. 

Among  human  femora,  the  intercondyloid  notch  is,  as  a  rule, 
wider  posteriorly  than  anteriorly,  where  it  is  narrowed  by  a 
rounding-off  of  its  angles  through  extension  of  the  articular 
surface.  Moreover,  as  a  rule,  the  inner  and  outer  borders  of  the 
general  articular  surface  present  only  the  faintest  sinuosities  to 
indicate  the  lines  of  fusion  between  the  inferior  and  anterior 
articular  areas.  While  the  depths  of  these  sinuosities  is  subject 
to  considerable  variation,  probably  the  external  one  is  the  more 
distinct  of  the  two,  and  the  internal  one  is  usually  seen  at  a 
point  relatively  more  anterior  than  in  the  case  of  the  apes,  in 
which  it  is  the  deeper.  In  consequence  of  this  filling  up  of  the 
lines  of  demarcation  between  the  anterior  and  inferior  condylar 
articular  surfaces,  which  is  such  a  markedly  human  character- 
istic, these  articular  surfaces  in  man  derive  a  breadth  and  a 
sharpness  of  outline  which  are  not  to  be  found  among  the  femora 
of  Anthropoid  apes. 
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of  the  entire  number  presented  two  nutrient  f  oninuna,  one  being 
situated  in  each  half  of  the  shaft,  and  sometimes  it  was  the 
upper  and  sometimes  the  lower  which  was  the  larger.  Of  the 
femora  which  only  showed  one  nutrient  foramen,  in  two-thirds 
of  the  cases  this  opening  was  situated  above  the  level  of  the 
middle  of  the  shaft,  and  in  the  remainder  below  this  level.  It 
does  not  appear,  therefore,  the  nutrient  foramen  of  the  femur 
can  form  a  reliable  landmark. 

8.  The  Condylar  Articular  Swrfaces. — ^These  surfaces  may  be 
considered  from  two  points  of  view:  first,  the  absolute  extent  of 
the  articular  surfaces ;  and  second,  those  features  which  may  be 
regaixJed  -as  distinctly  human,  as  opposed  to  the  simian  type  of 
articular  condyles. 

In  all  the  human  series  the  articular  surface  of  the  external 
condyle  reaches  a  higher  anterior  level  than  the  internal  condylar 
^articular  surface.  Posteriorly,  there  is  a  considerable  amoimt  of 
variation  in  .the  degree  of  prominence  attained  by  the  two  con- 
dyles; for  not  unfrequently,  where  they  adjoin  the  popliteal  space, 
one  or  both  condyles  may  become  flattened,  instead  of  remaining 
convex  in  the  transverse  direction.  Further,  in  such  cades,  thie 
internal  condylar  articular  surface,  in  particular,  is  not  delimited 
by  a  sharply  defined  margin  from  the  lower  part  of  the  popliteal 
surface.  It  is  specially  noteworthy  that  the  articular  surface  of 
the  internal  condyle  may  also  be  found  more  or  less  distinctly 
prolonged  to  the  lower  part  of  the  popliteal  surface  in  close 
proximity  to  the  hinder  part  of  the  intercondyloid  notch;  and, 
moreover,  this  extension  is  simultaneous  with  the  extension  of 
the  articular  surface  of  the  head  of  the  femur  already  referred 
to.  I  have  not  seen  either  of  the  extensions  referred  to  in  liie 
femora  of  Anthropoid  apes,  in  which,  the  head  of  the  femur, 
especially,  has  its  articular  surface  projecting  to  a  marked  ex^tent 
beyond  the  neck  in  all  directions. 

As  regards  the  comparison  of  the  human  articular  condyles 
with  the  simian,  the  differences  are  remarkably  distinct.  Tins 
is  particularly  seen  in  that  part  of  the  articular  surface  common 
to  the  two  condyles,  and  situated  in  front  of  the  intercondyloid 
notch.  In  the  simian  type  this  area  forms  a  wide,  shallow 
groove,  not  only  concave  from  side  to  side,  but  with  its  margins 
forming  the  limits  of  the  concavity.     In  the  human  type  the 
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same  area  is  likewise  concave,  but  in  a  deeper  or  much  more 
abrupt  manner;  and  on  the  external  condyle,  especially,  the  con- 
cavity does  not  extend  to  the  extreme  margin  of  the  articular 
surface,  but  is  limited  by  a  flatter  area. 

Again,  the  upper  border  of  this  region  presents  a  horseshoe- 
shaped  outline  in  the  apes,  which  may  be  slightly  higher  on  the 
inner  aspect,  as  in  the  Gorilla  and  Orang-utan,  or  higher  on  the 
outer  aspect,  as  in  the  Chimpanzee.  In  human  femora,  the  upper 
border  of  this  articular  surface  is  invariably  higher  in  relation  to 
the  outer  condyle,  and  almost  always  presents  a  depression 
immediately  opposite  to  the  deepest  part  of  the  concave  surface. 
Again,  among  the  apes,  the  concave  articular  surface  situated  in 
front  of  the  intercondyloid  notch  is  also  marked  off  from  the 
inferior  condylar  articular  surfaces  by  interruptions  or  notches, 
which  break  the  continuity  of  the  internal  and  external  borders 
of  the  general  articular  surface.  These  non-articular  encroach- 
ments may  also  be  seen  at  the  anterior  end  of  the  intercondyloid 
notch,  where  the  widening  of  the  notch  and  the  sharpness  of  its 
angles  are  due  to  this  cause. 

Among  human  femora,  the  intercondyloid  notch  is,  as  a  rule, 
wider  posteriorly  than  anteriorly,  where  it  is  narrowed  by  a 
rounding-off  of  its  angles  through  extension  of  the  articular 
surface.  Moreover,  as  a  rule,  the  inner  and  outer  borders  of  the 
general  articular  surface  present  only  the  faintest  sinuosities  to 
indicate  the  lines  of  fusion  between  the  inferior  and  anterior 
articular  areas.  While  the  depths  of  these  sinuosities  is  subject 
to  considerable  variation,  probably  the  external  one  is  the  more 
distinct  of  the  two,  and  the  internal  one  is  usually  seen  at  a 
point  relatively  more  anterior  than  in  the  case  of  the  apes,  in 
which  it  is  the  deeper.  In  consequence  of  this  filling  up  of  the 
lines  of  demarcation  between  the  anterior  and  inferior  condylar 
articular  surfaces,  which  is  such  a  markedly  human  character- 
istic, these  articular  surfaces  in  man  derive  a  breadth  and  a 
sharpness  of  outline  which  are  not  to  be  found  among  the  femora 
of  Anthropoid  apes. 
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EXPLANATION  OF  FIGURES. 

All  ihe  figures  give  the  actoial  size  of  the  bones  they  represent  at 
the  level  of  the  sections. 

A,  anterior  surface  in  each  case;  £,  external,  and  I,  internal 
sor&ces. 

figures  1,  2,  and  3  represent  the  extremes  of  the  conditions  found 
in  the  sub-trochanteric  region  of  the  femoral  shaft. 

Figures  4,  .5,  6,  7  represent  extremes  in  the  region  of  the  linea 
oipera. 

Figures  8,  9,  10,  11  are  taken  through  the  popliteal  region  at  the 
4  cm.  line. 

Fig.  1.  Maori  femur  (leftV  Te  Aroka.     Platymeric  Index^  58*8 

Fig.  2.  British    „      (left)  (from  Dissecting-room),     „  60*0 

rig.  u.         II        „  ,1  I,  II  ,1         „  110 

Thus  these  two  British  femora  present  an  entire 
change  in  the  axis  of  flattening,  ue.^  from  the  antero- 
posterior in  fig.  2  to  the  transverse  in  fig.  3. 

Kg.  4.  Australian  (Riverina)  (left).     PUagtric  Index^  ,  148 

Fig.  5.  Shetland  (left)  „  „  .  100 

Fig.  6.  British  (from  Dissecting-room),     „  „  .  85'7 

Fig.  7.  GoriUa  (right),  „  „  .  73 

Again,  these  sections  show  an  entire  change  in 
the  axis  of  flattening,  from  transverse  in  fig.  4 
to  antero-posterior  in  figs.  6  and  7,  which  therefore 
show  no  pilastre.  The  dotted  lines  below  these 
figures  indicate  the  limits  of  the  area  which  corre- 
sponds to  the  linea  aspera. 

Fig.    8.  Australian  (Swan  Hill).    Popliteal  Index,  .  .  96*9 

Vig.    9.  British  (from  Dissecting  room)       „  .  .  66 

Fig.  10.  Gorilla,  „  .  .  509 

Fig.  11.  Chimpanzee,  „  .  •  75 

I  desire  to  express  my  indebtedness  to  Dr  Ramsay  Traquair,  of  the 
Museum  of  Science  and  Art,  Edinburgh,  for  permission  to  measure 
the  femora  of  the  Gibbon  referred  to  in  the  text;  to  Mr  £wart| 
Student  of  Medicine,  for  the  use  of  two  Maori  femora ;  and  to  Mr 
Arthur  Preston,  Student  of  Medicine,  for  his  assistance  in  calculating 
the  various  indices. 
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ON  THE  SESAMOID  BONES  OF  THE  HAND:  A  SKIA- 
GRAPHIC  CONFIRMATION  OF  THE  WORK  DONE 
BY  PFTTZNER,  ByEDWAKD  FAWCRT^M^Edm^iVo- 
/essor  of  AnaJtomy^  UnivenUy  College^  BridoL 

''Thb  seeamoid  bones  were  quite  well  known,  to  the  ancient  anato- 
mists ;  and  Soemening,  in  his  oeteologyy  has  giren  ns  a  good  dnaenp- 
tion  of  them. 

"In  our  thne  they  have  been  caiefuDy  stodied  by  Cffllrtte  in  1874 ; 
by  Aeby  in  1875;  and  by  Betteier  in  1884.  Quite  neently— in 
1892 — ^eir  study  was  leyived  by  Pfitzner,  who  has  published  on 
this  sdbject  in  the  Morphologiache  ArbeitcH  de  Sclucalbe  a  Tolnminoos 
memoir  based  on  the  minute  examination  of  388  hands  and  of  385 
feet."  1 

Through  the  kindness  of  Mr  Chattock,  ProfesBor  of  niyacs  in 
University  College,  who  has  shown  the  greatest  possible  interest 
in  the  subject,  I  have  been  able  to  examine  the  hands  of  thirty- 
eight  of  my  own  students  and  of  three  of  his  by  means  of 
skiagraphy.  The  results  exoeeded  in  every  way  my  fondest 
hopes.  Not  only  were  sesamoid  bones  clearly  portrayed,  but  the 
cancellous  tissue  of  the  various  bones  was  depicted  in  a  delight- 
fully clear  manner. 

Before  stating  what  the  actual  results  arrived  at  concerning 
the  position  and  number  of  the  sesamoid  bones  were,  let  me 
quote  from  Testut's  Anaiomy  what  is  there  mentioned  with 
regard  to  them;  and,  in  doing  so,  let  me  at  the  same  time 
point  out  that  the  statements  made  in  the  work  in  question  are 
based  on  the  conclusions  arrived  at  by  Pfitzner.  Testut^  states 
that  the  peri-articular  sesamoids  of  the  hand  are  all  situated  on 
the  palmar  face  of  the  joints,  i.^.,  on  the  side  of  flexion;  that  they 
are  met  with  exclusively  in  the  neighbourhood  of  the  metacarpo- 
phalangeal and  interphalangeal  articulations ;  that  they  are  very 
variable  in  form,  volume,  and  number ;  that  their  number  varies 
from  two  to  seven  for  each  hand;  that  two  are  constant,  viz., 
those  which  correspond  with  the  metacarpo-phalangeal  articula- 

^  Testut,  vol.  L  Cucic.  i.  ptge  843. 

'  TraUe  d^AwUoimsU  ffumauu,  vol.  i.  fascic.  L  page  343  et  acq. 
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tion  of  the  thumb;  that  the  others  are  not  so  constant,  only 
appearing  in  certain  subjects;  that  these  are  in  order  of  fre- 
quency those  of  the  metacarpo-phalangeal  articulations  of  the 
index  and  the  little  finger,  that  of  the  interphalangeal  articula- 
tion of  the  thumb,  those  of  the  metacarpo-phalangeal  articula- 
tions, and  the  interphalangeal  of  the  other  digits. 

The  meiUunrpo^hdarigedl  sesamoids  of  the  th/umb  are  two  in 
number — one  radial,  the  other  ulnar. 

The  wterpJialaTigeal  sesamoid  of  the  thurrib  is  situated  on  the 
flexor  aspect  of  the  interphalangeal  joint,  in  the  thickness  of  the 
capsular  ligament  of  that  joint. 

The  m^ta^carpo-pftalangeal  sesawxMs  of  the  index  and  fifth  digU 
are  placed,  as  their  name  indicates,  in  the  neighbourhood  of 
these  articulations,  and  always  on  the  flexor  aspect 

Typically,  there  are  two  sesamoids  for  each  joint,  but  this  con- 
dition is  rare :  most  often  one  only  exists  for  each,  viz.,  a  radial 
one  for  the  index,  and  an  ulnar  for  the  little  finger. 

The  metacarpo-phalangeal  sesaTnoids  of  the  medivs  and  ring 
finger  are  relatively  very  rare ;  only  one  is  found  in  each  case, — 
at  least  in  man.  Pfitzner  in  888  hands  has  only  seen  the  ulnar 
of  the  ring  finger  and  the  radial  of  the  middle. 

The  sesamoids  of  the  distal  interphalangeal  joints  are  extremely 
rare.    Pfitzner  has  only  observed  one  situated  on  the  index. 

Let  us  now  see  how  far  these  results  may  be  confirmed  by 
skiagraphy.    As  has  been  said  before,  38  hands  were  examined. 

In  the  Tneta^carpo^halangeal  articulation  of  the  thumb  two 
sesamoids  were  found  in  every  case,  and  they  varied  much  in 
size,  sometimes  being  very  large. 

In  the  interphalangeal  joint  of  the  thumb  a  single  sesamoid 
was  present  26  times,  that  is,  in  68^  per  cent. 

In  the  metacarpophalangeal  joint  of  the  index  a  single  radial 
sesamoid  was  found  21  times  in  38  hands — roughly  speaking, 
55*2  per  cent.  This  sesamoid,  when  well  developed,  has  its  long 
axis  placed  in  the  long  axis  of  the  digit,  hence  it  is  oval  in  shape. 
In  one  case  it  was  large  and  circular  in  outline. 

It  lies  under  that  part  of  the  head  of  the  metacarpal  which  is 
ventral  to  the  notch  for  the  radial  lateral  ligament  of  the  joint 
In  one  case,  however,  this  sesamoid  was  placed  further  forward 
than  usual,  and  projected  for  a  third  of  its  extent  beyond  the 
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head.    In  all  cases  it  was  the  radial  sesamoid  that  was  seen, 
not  one  hand  showing  the  ulnar. 

The  distcd  ivterphalangeal  joint  of  the  index  in  no  case 
showed  any  sign  of  a  sesamoid.  (Pfitzner  only  saw  it  once  in 
388  hands.) 

The  meta4urpo^1uda7ige€Ll  sesamoid  of  the  little  finger  was  pre- 
sent in  27  of  the  38  hands  examined,  i.e,,  in  71  per  cent. 

In  2  cases  there  were  two  sesamoids  present  in  this  joint,  viz., 
a  large  ulnar  and  a  small  radial 

When  one  sesamoid  is  found,  it  lies  usually  under  the  ulnar 
hall  of  the  head  of  the  metacarpal  bone. 

In  1  case  it  projected  forwards  beyond  the  head,  as  also  did 
the  indical  sesamoid  of  the  same  hand. 

It  seems,  from  the  specimens  I  have  examined,  that  the  indical 
sesamoid  is  lai^r  than  the  one  of  the  little  finger  in  the  majority 
of  cases:  there  are,  however,  exceptions. 

No  sesamoid  was  observed  in  the  ring  and  middle  fingers. 

It  will  be  seen  that  these  results  correspond  very  closely  with 
those  of  Pfitzner,  and  they  were  much  more  easily  obtained ;  in 
fact,  the  ease  with  which  they  were  obtained  speaks  volumes  for 
the  industry  of  Pfitzner,  who,  of  course,  had  to  dissect  out  these 
bones.  These  results  only  differ  when  applied  to  the  relative 
frequency  of  the  interphalangeal  sesamoid  of  the  thumb. 
Pfitzner  places  this  sesamoid  behind  those  of  the  little  finger 
and  the  index.  In  my  results,  it  comes  between  those  of  the 
index  and  little  fingers.  Thus,  in  little  finger  a  sesamoid 
occurred  in  71  per  cent,  in  the  index  in  55'2  per  cent,  in  the 
interphalangeal  joint  of  the  thumb  in  68*5  per  cent 

Little  finger,     ...        71    per  cent 
Thumb  (interphalangeal)  .        68*5        „ 
Index,      ....        55'2        „ 

This  arrangement,  I  venture  to  think,  will  be  found  to  be  the 
correct  one. 

I  found  it  true  of  first  15  hands  I  examined,  and  it  was 
equally  true  of  the  next  15. 

I  confess  I  do  not  understand  why  the  little  finger  should  show 
a  sesamoid  more  frequently  than  the  index,  unless  it  is  due  to 
the  fact  that  this  finger  possesses  short  special  muscles  such  as 
Bxe  found  in  the  thumb. 
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I  have  not  found  that  age  has  any  special  bearing  on  the  size 
or  number  of  these  bones,  for  one  of  the  poorest  examples 
occurred  in  a  student  aged  40,  and  one  of  the  best,  with  the  largest 
sesamoids,  in  one  aged  17. 

Then,  again,  muscular  streii^th  seems  to  have,  at  all  events 
in  the  cases  I  have  examined,  no  practical  influence  on  size  or 
number  of  sesamoids,  certainly  not  on  number,  because  in  that 
respect  the  number  is  as  great  in  females  as  in  males,  and  in  the 
left  hand  as  in  the  right;  and  I  have  reason  to  suspect  that 
great  muscular  strength  is  not  necessarily  associated  with  great 
size  of  the  sesamoids,  because  in  one  case,  that  of  an  exception- 
ally powerful  student  (muscularly),  the  sesamoids  were  small, 
whereas  in  a  weak  student  (generally)  they  were  large. 

These  are  points  which,  however,  will  bear  further  examina- 
tion. It  would  be  absurd  to  base  any  definite  conclusions  as  to 
influence  on  thirty-eight  cases;  but  one  can  justly  from  this 
number  draw  some  conclusions  as  to  the  occurrence  of  these 
bones,  and  I  have  done  so  here,  because  our  own  text-books  say 
very  little  about  them. 

**  Quain,"  for  instance,  vol.  ii.  pt.  i.  p.  105,  says : — "A  pair  of  sesa- 
moid bones  is  placed  in  the  palmar  wall  of  the  metacaipo-phalangeal 
articulation  of  the  thumb ;  and  similar  nodules,  single  or  double,  are 
sometimes  found  in  the  corresponding  joint  of  one  or  more  of  the 
other  fingers,  most  frequently  of  the  index  and  little  finger?." 

"  Macahster,"  p.  159,  mentions  only  the  sesamoids  of  the  metacarpo- 
phalangeal  joint  of  the  thumb.^ 

'^Holden,"  p.  337,  7th  edition,  describes  two  at  the  metacarpo- 
phalangeal of  the  thumb,  and  says — '^We  rarely  find  any  in  the 
fingers." 

"  Wilson  " — last  edition,  edited  by  Clark — is  the  only  book  alluding 
to  the  greater  frequency  in  the  little  finger. 

"  Morris ''  says  nothing  about  them  under  Osteology,  but  refers  to 
some  of  them  cursorily  under  Arf hrology. 

In  the  thirty-eight  hands  I  have  examined  I  have  never  found 
sesamoids  in  connection  with  the  ring  finger  nor  the  medius, 
nor  have  I  seen  the  inter-phalangeal  of  the  index.  It  is  evident 
that  they  are  rare. 

^  Since  writing  tlio  above,  lobeerve  that  ''Macalister,"  page  162,  says,  "always 
in  the  tlrnmb,  aud  sometimes  on  the  other  fingers,  especially  on  the  inside  of  the 
little  finger,  the  fibro-cartilage  ossifies  into  a  sesamoid  bone  receiving  the  insertion 
of  short  muscles."    This  statement  is  made  only  of  metaoarpo-phalangeal  joints. 
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It  is  obvious  that  the  figures  I  have  given  can  only  be  of 
relative  value,  because  the  number  examined  is  small — a  tenth  of 
the  number  examined  by  Ffitzner;  but  they  suffice  to  call 
greater  attention  to  his  work  than  seems  to  have  been  given 
to  it,  and  to  the  fact  that  these  bones  do  exist  more  frequently 
than  is  generally  supposed ;  they  also  demonstrate  the  value  of 
Skiagraphy  in  another  branch  of  Medical  Science. 

In  conclusion,  let  me  again  express  my  indebtedness  to  the 
kind  enthusiastic  help  given  by  my  colleague  Professor  Chattock, 
and  Us  assistant,  Mr  L.  N.  Tyack. 


VOL.  XXXL  (N.S.  VOL.  XI.) 
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Havdbuch  der  Oewebelehre  des  Mensehen.  Yon  A,  KOluebr,  Sechstc 
umgearbeitete  Auflage.  Zweiter  Band,  Zweite  Halfte.  Leipzig  : 
W.  Engelmann,  1896. 

We  offer  our  congratalations  to  Professor  Kolliker  on  the  com- 
pletion of  the  second  volume  of  the  sixth  edition  of  his  famous  Hand- 
book on  the  minute  structure  of  the  tissues  and  organs  of  the  body  ; 
a  work  which,  since  the  publication  of  the  first  edition  in  1852,  has 
been  one  of  the  best  systematic  treatises  on  histology  in  the  hands 
both  of  teachers  and  students.  Each  successive  edition  has  embodied 
the  results  of  the  continual  improvement  in  the  methods  of  microscopic 
research  and  observation.  For  the  Nestor  of  European  teachers,  after 
more  than  fifty  years  of  constant  work,  to  have  brought  up  to  date  in 
this  edition  our  knowledge  of  the  Nervous  System  as  regards  the 
labours  of  others,  and  to  have  added  materially  to  that  knowledge 
by  numerous  new  and  original  observations  of  his  own,  testifies 
to  his  intellectual  vigour,  and  to  his  enduring  love  of  his  favourite 
science. 

In  the  first  part  of  this  volume,  published  in  1893,  Kolliker  gave 
an  account  of  the  nerve  tissues,  and  of  the  structure  of  the  spinal 
cord,  medulla  oblongata  and  pons,  the  origins  of  the  cranial  nerves, 
and  the  structure  of  the  cerebellum.  In  the  present  part  he  describes 
the  divisions  of  the  encephalon  which  lie  above  the  pons  and  cere- 
bellum, together  with  their  membranous  envelopes  and  the  sympathetic 
nervous  system.  In  no  other  text-book  with  which  we  are  acquainted 
is  the  complex  structure  of  the  brain  described  with  so  much  fulness 
of  detail,  and  illustrated  with  such  admirably  clear  sectiona  In  the 
preparation  of  these  sections  the  author  has  been  greatly  assisted  by 
Herr  P.  Hofmann,  and  the  methods  of  Golgi  and  Weigert  have  been 
principally  employed.  About  500  figures  are  intercalated  in  the  text 
of  this  volume,  all  of  which,  with  eight  exceptions,  are  original 
They  have  been  drawn  by  Herr  L.  Stierhof,  and  the  author,  in  refer- 
ring to  them,  testifies  to  their  adherence  to  nature,  and  without  inter- 
ference on  his  part.  The  author  very  properly  claims  for  them  a 
value  as  close  transcripts  of  the  original  sections,  and  as  having  the 
importance  of  documents  at  first  hand.  No  teacher  of  anatomy,  who 
wishes  to  present  to  his  students  an  up-to-date  description  of  cerebral 
anatomy,  can  dispense  with  this  volume  of  Kolliker's  Handbuch. 
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MorphAogfy  of  the  Cerebral  Connoluticn^  with  special  re/Brence  to  the 
Order  of  Primates,  By  Andbbw  J.  Parksb,  M.D.y  Philadelphia 
Academy  of  Natural  Sciences,  1896. 

This  memoir  has  been  published  in  the  Jowmal  of  the  Academy  of 
Natural  Sdeneee  of  Pkiladdphia^  new  aeries,  yoL  x.  part  3.  It  ex- 
tends to  more  than  100  pages  royal  quarto,  and  is  illustrated  with  14 
large  plates  and  several  figm^  in  the  text  Owing  to  the  death  of  the 
author  in  1892,  the  memoir  has  not  had  the  advantage  of  his  final 
revision  when  in  type,  and  has  appeared  under  the  aospices  of  the 
Publication  Committee  of  the  Academy.  The  aathor  gives  a  detailed 
description  of  the  lobes,  convolutions^  and  fissures  of  the  oerebmnu 
He  recognises  five  classes  of  fissures : — 

1.  Fundamental  primaiy  or  typical,  e.^.,  Sylvian,  mesial  arched, 
calcarine,  callosal,  and  hippocampal. 

2.  Secondary,  which  give  special  character  to  the  type  of  convolu- 
tionaiy  configuration,  e,g.y  three  occipito-frontal  and  three  oocipito- 
temporaL 

3.  Suld,  or  vegetative  repetitions  of  secondaiy  fissures,  which  in- 
crease the  complexity  of  the  cerebral  surface. 

4.  Sulculi,  which  give  special  characteristics  to  particular  groups  of 
and  are  usually  repetitions  of  suld,  or  small  and  apparently 

in^;ular  fissurea 

5.  Bami,  constant  branches  of  fissures  or  sulci.  He  explains  the 
formation  of  the  fissures  by  the  interaction  of  two  set  of  forces,  viz., 
the  growth  forces  of  the  expanding  brain,  combined  with  and  modified 
by  the  resisting  forces  due  to  the  pressure  of  the  bony  environment. 


The  Development  of  the  Branches  of  the  Fifth  Cranial  Nerve  in  Man. 
By  A.  Francis  Dixon,  B.A.,  M.B.,  Boyal  Dublin  Society,  Dublin, 
1896. 

Ths  author  has  investigated  the  development  of  the  5th  cranial  nerve 
in  the  human  embryo,  and  has  verified  his  observations  by  the  study 
of  a  number  of  embryo  rats.  The  human  embryoes  ranged  in  age 
from  four  weeks  to  the  eight  week.  The  following  method  of 
investigation  was  employed.  The  sections  through  the  head  of  the 
embryo  were  enlarged  25  or  50  times  in  drawings  made  with  the 
camera-lucida,  traced  on  to  glass  plates,  and  covered  by  a  transparent 
varnish.  When  the  plates  were  placed  in  order  of  the  sections,  one 
in  front  of  the  other,  a  model  of  the  head,  with  its  vessels,  nerves,  etc., 
25  or  50  times  enlarged,  resulted.  The  most  important  conclusions 
drawn  from  the  research  are'as  follows : — A  single  undivided  Grasserian 
ganglion  gives  rise  to  the  three  divisions  of  the  5th;  before  the 
ophthalmic  is  present  a  cellular  cord  stretches  from  the  ganglion  and 


164  NOTICES  OF  NEW  BOOKS. 

occupies  the  place  of  the  future  nerve ;  axis  cylinder  processes  grow 
out  from  the  cells  of  the  ganglion  into  this  cord,  and  in  this  manner 
the  ophthalmic  is  formed ;  with  the  increase  in  number  of  the  pro- 
cesses the  cells  of  the  original  cord  become  fewer,  and  are  disposed 
around  the  developing  nerve;  the  first  formed  ophthalmic  trunk 
corresponds  to  the  nasal  nerve,  the  frontal  is  formed  later,  and  all 
the  important  branches  are  represented  in  the  beginning  of  the  6th 
week.  The  ciliary  ganglion  appears  at  the  same  time,  and  in  the  8th 
week  has  the  adult  relations ;  in  no  sense  is  it  the  homologue  of  a 
spinal  ganglion.  The  superior  maxillary  is  differentiated  at 'the  4th 
week,  and  all  the  important  branches  are  present  in  the  7th  week. 
Meckel's  ganglion  is  seen  early  in  the  6th  week,  when  it  is  closely 
connected  with  the  otic  ganglion.  All  the  important  branches  of  the 
inferior  maxillary  are  present  early  in  the  6th  week,  when  the  otic 
and  submaxillary  ganglia  are  also  present.  The  inferior  dental  is 
first  formed,  then  the  lingual  nerve.  The  chorda  tympani  and 
Vidian  are  branches  of  the  facial,  and  are  not  developed  from  the  5th. 
Jacobson's  nerve  is  derived  from  the  glosso-pharyngeaL  It  is  not 
proved  that  the  cells  of  the  accessory  ganglion  of  the  5  th  are  derived 
directly  from  the  cells  of  the  Gasserian  ganglion.  The  sympathetic 
in  relation  with  the  carotid  artery  in  the  adult  is  represented  in  the 
embryo  by  fibres  chiefly  derived  from  the  trunk  ganglion  of  the  vagus 
nerve. 


The  Defoelopment  of  the  MiUlerian  Duct  of  Amphibians,     By  Obegq 
Wilson,  M.A.,  B.Sc.     Edinburgh  :  R  Grant  <fe  Son,  1896. 

This  research  was  conducted  on  the  embryoes  of  Rcma  esetdenia, 
Triton  alpegtris,  ScUamandra  atra  and  maculosa^  Axolotl  and  Desmo- 
gnathus,  more  especially  on  Axolotl  and  S,  atra.  The  author  was 
induced  to  undertake  the  investigation  owing  to  the  diverse  state- 
ments made  by  previous  inquirers,  and  he  precedes  the  description  of 
his  own  observations  by  an  analysis  of  the  literature  of  the  subject 
He  has  found  Axolotl  peculiarly  instructive,  as  in  it  the  pronephros 
and  segmental  duct  persist  during  the  early  stages  of  formation  of  the 
Miillerian  duct.  He  draws  the  conclusion,  1st,  that  the  anterior  end 
of  the  Miillerian  duct  is  formed  from  the  thickened  epithelium  plate 
that  spreads  from  the  nephrostomes  over  the  whole  surface  of  the 
pronephros  and  beyond  it ;  2nd,  that  the  rod  of  cells  that  passes  back- 
wards along  the  segmental  duct,  and  which,  later,  becomes  the  Miillerian 
duct,  arises  from  a  prolongation  of  this  epithelial  plate.  In  no  speci- 
men has  he  seen  any  communication  between  the  segmental  duct  and 
the  Anlage  of  the  Miillerian  duct,  but  the  duct-anlage  always  ended 
in  the  epithelium,  and  the  thickened  epithelium  is  the  first  stage  in 
the  development  of  the  posterior  end  of  the  duct.  The  memoir  is 
printed  in  the  TransacUom  of  the  Boyal  Society  of  Edinburgh^ 
vol.  xxxviii.,  1896. 
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Udber  Schddd-Maakm  aus  Neu-BrUannien  besonden  erne  mU  emer 
KopfverJetzung.     Yon  Max  Babtkl&    Berlin :  D.  Beimer,  1896. 

Sons  years  ago  one  of  the  Editors  described  and  figoied  in  this 
Jommal  (ziv.  p.  475,  1880)  two  masks  from  New  Britain  or  New 
Ireland,  islands  sitoated  to  tiie  north  and  east  of  New  Guinea.  Since 
then  additional  specimens  of  masks  have  been  recorded,  and  the  snb- 
ject  discnsaed  by  Yircbow,  P.  8.  Abraham  (Proe,  Boy.  Irish  Aead.^ 
1881),  Schmeltz  and  Krause,  Andree,  GigHoli,  Finsch,  Mayer,  Uhle, 
etc.  In  the  memoir  now  under  consideration.  Max  Bartela  has 
sndysed  the  previously  recorded  specimens  (except  Abraham's,  with 
whidi  he  does  not  seem  to  have  been  acquainted),  and  has  given  the 
tesolts  of  his  own  observations.  Forty-one  examples  are  known  to  him 
—15  from  the  descriptions  and  figures  of  other  anthropologists,  and  26 
which  he  has  personally  examined ;  of  the  latter,  IS  are  in  the  Grassi- 
Museum  in  Leipzig  and  12  in  the  Boyal  Museum  of  Ethnography  in 
Berlin,  whilst  one  specimen  has  been  given  to  himself.  Turner, 
Giglioli,  and  some  other  authors  had  reco^iised  two  groups  of  masks, 
but  Bartels  considers  that  there  is  also  a  third  group.  Of  the  41  masks, 
28  were  in  the  first,  7  in  the  second,  and  6  in  the  third  group.  In 
Bartels'  own  specimen  the  frontal  bone  was  defective  at  the  left 
eminence,  probably  due  to  the  weapon  which  had  been  the  cause  of 
death. 


A  Refrised  Description  of  the  Dorsal  Interosseous  Muscles  of  the  Human 
Hand.  By  David  Hupbitrn,  M.D.  Edinburgh  :  B.  Grant  &  Son, 
1896. 

In  addition  to  revising  the  current  description  of  the  interosseous 
muscles  of  the  human  hand,  the  author  makes  suggestions  for 
a  new  nomenclature  of  the  palmar  interossei,  and  gives  observations 
on  the  corresponding  muscles  in  Anthropoid  Apes.  As  is  well  known, 
a  dorsal  interosseous  muscle,  when  seen  on  the  dorsum  of  the  hand, 
has  a  bipennate  arrangement,  but  the  author  points  out  that  when 
dissected  on  its  palmar  aspect  many  longitudinal  fibres  may  be  seen 
distinct  from  the  bipeunate  arrangement  of  fibres,  but  having  a 
common  insertion  with  them  into  the  first  phalanx.  The  longitudinal 
tibies  arise  from  the  palmar  aspects  and  radial  or  ulnar  side,  as  the 
case  may  be,  of  the  lateral  surface  of  the  metacarpal  bone.  This 
arrangement  he  regards  as  normal ;  and  the  cases  which  have  been 
described  as  increase  in  the  number  of  palmar  interossei  are  only 
examples  of  unusual  development  of  these  longitudinal  fibres.  Hep- 
bom  considers  that  the  present  use  of  '  palmar  interosseous '  should 
be  discarded,  and  that  a  general  term  ^  short  flexors  of  digits '  should 
be  employed.  The  short  flexor  of  each  digit,  except  poUex  and 
minimus,  would  consist  of  the  muscle  now  known  as  palmar  inter- 
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osseous,  and  of  either  the  radial  or  uhiar  longitadinal  fibres,  as  the 
case  may  be,  associated  with  the  insertion  of  the  dorsal  interosseous. 
To  give  an  illustration,  the  M.  flexor  brevis  indicis  has  an  ulnar  head 
(1st  palmar  interosseous)  and  a  radial  head  consisting  of  the  longi- 
tudinal fibres  associated  with  the  abductor  indicis,  and  they  are  inserted 
into  opposite  sides  of  the  base  of  the  Ist  phalanx  of  the  index  digit ; 
the  M,  fl.  brevis  minimi  digiti  has  a  radial  head  (3rd  palmar  inter- 
osseous) and  an  ulnar  head — the  muscle  which  now  appropriates  the 
name;  they  are  inserted  into  opposite  sides  of  the  base  of  the  Ist 
phalanx  of  the  minimus.  Each  abductor  in  the  dorsal  stratum  is  in- 
timately associated  at  its  insertion  with  one  of  the  divisions  of  a  short 
flexor.  Three  nerve  twigs  pass  to  each  interosseous  space  for  the 
three  muscular  divisions  which  it  contains.  The  author  concludes 
with  a  review  of  the  corresponding  muscular  arrangements  in  the 
hands  of  apes.  The  memoir  is  printed  in  the  TransadionB  of  the 
Royal  Society  of  Edinburgh,  1896. 


Sezione  Mediana  Vertuude  antero-iwsteriore  mediante  congelamento  di 
cadavere  cU  sesto  mese  di  geddzione.  Descrizione  fatta  dal  Dr 
GiUBEPPB  SoFFiANTiNi.     Hocpli,  Milan,  1891. 

This  large  folio  volume,  containing  a  description,  with  six  lithographic 
plates,  of  a  vertical  mesial  section  through  the  .body  of  a  woman  in 
the  sixth  month  of  gestation,  is  of  interest,  both  to  the  anatomist  and 
gynecologist.  The  axis  of  the  uterus  and  its  relation  to  the  pelvic 
brim,  axis  and  outlet ;  the  presentation  of  the  foetus,  which  in  this 
case  is  the  head ;  the  surface  of  attachment  of  the  placenta  and  the 
origin  of  the  umbilical  cord,  are  displayed  in  the  plates.  The  text 
contains  both  a  description  of  the  figures  and  an  account  of  the 
observations  of  previous  authors  who  have  investigated  the  position 
and  relations  of  the  viscera  by  the  aid  of  frozen  sections. 

The  memoir  is  one  of  the  publications  of  the  Anatomical  Institute 
of  the  University  of  Pavia. 


Hand  Atlas  der  Anatomic  des  Menschen,  mit  unterstiitzung  von  Wil- 
helm  His,  bearbeitet  von  Werner  Spalteholz.  Leipzig,  Hirzel. 
Erster  Band,  Erste  Abtheilung,  1895 ;  Zweite  Abtheilung,  1896. 

The  first  volume,  now  completed,  of  this  Atlas  of  Human  Anatomy 
contains  a  description  of  the  bones  and  joints,  with  illustrative  figures. 
The  plan  of  the  book  is  ingenious.  In  the  upper  part  of  each  page  is 
a  well  executed  figure  of  the  bone  or  joint,  immediately  below  which 
is  a  terse  description  of  the  object.  In  the  case  of  those  bones  which 
have  muscles  attached,  an  outline  of  the  bone  is  given  and  the  area 
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In  this  Atlas  are  depicted  in  coloured  figures  not  only  a 
dissections  of  regions^  hat  nmneroos  •'»*!*»i?ffJ  Tievs  of  dificiaii  ^ 
of  the  body,  "nie  regions  selected  for  iBiwtrition  are  tlsoBe  vUek 
have  a  bearing  on  medical  and  surgical  pnctice.  Each  figure  is  ae- 
eompanied  by  descriptiTe  letterpress,  and  the  tenas  eaiployed  are;,  as 
a  nde,  those  recommended  by  the  Nomendature  GoaMisBkBi  of  the 
ADaUmdcal  Society. 


Sm  George  Murrat  Humphry  died  at  Cambridge, 
in  his  77th  year,  on  the  night  of  Thursday,  24th 
September,  when  the  last  sheets  of  this  number  of 
the  Journal  were  in  the  pres&  It  is  now  thirty  years 
ago  since  he  took  the  initiative  in  founding  the 
Jov/TTial  of  Anatomy  and  Physiology.  For  a  number 
of  years  he  was  the  acting  editor,  and  contributed 
many  articles  on  Comparative  Anatomy  to  the  early 
volumes.  When  the  pressure  of  his  various  engage- 
ments and  advancing  years  led  him  to  resign  to  one  of 
his  colleagues  the  duties  of  acting  editor,  he  continued, 
as  one  of  its  conductors,  to  take  a  personal  interest 
in  its  progress,  and  as  late  as  the  last  two  volumes 
he  published  in  the  Journal  papers  on  Microcephalic 
and  Macrocephalic  Crania,  and  on  the  Structure  of 
Urinary  Calculi.  His  colleagues  in  the  management 
of  the  Journal  mourn  the  loss  of  one  whose  deter- 
mination of  character  and  well  balanced  judgment 
were  of  great  service  in  piloting  it  through  the 
difficulties  of  its  early  career,  with  whom  their  per- 
sonal relations  were  ever  most  cordial,  and  in  whom 
they  always  found  an  able  and  energetic  coadjutor. 
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ABNORMALITIES  OF  THE  MIDDLE  SACEAL  AETEEY, 
AND  THEIR  MORPHOLOGICAL  SIGNIFICANCE.  By 
Alfmd  H.  Young,  M.B.,  F.R.C.S.,  &c.,  Professor  of  Anatomy, 
The  Owens  College,  Manchester. 

Inasmuch  as  abnormalities  usually  represent  in  a  permanent 
form  some  condition  which  is  normally  but  a  transient  stage 
in  the  phylogeny  or  ontogeny  of  organs,  they  are  not  only 
interesting  but  also  significant,  and  their  value  in  determining 
morphological  problems  is  unquestionable. 

Some  time  ago  I  ventured  to  suggest,  mainly  as  the  result  of 
comparative  observations  on  the  termination  of  the  mammalian 
aorta,^  that  the  fusion  of  the*  primitive  dorsal  aortae  ceased  at 
the  bifurcation  of  the  single  trunk  into  the  iliac  vessels,  and  that 
the  middle  sacral  artery  did  not  represent  a  posterior  prolonga- 
tion and  fusion  of  the  primitive  dorsal  aortae  beyond  this ;  ^  but, 
on  the  contrary,  was  a  secondary  development,  probably  formed 
by  the  fusion  of  two  vessels  arising  independently,  and  con- 
stituting simply  branches  of  the  primitive  trunks.  I  also 
pointed  out  the  significance  of  some  of    the  most   common 

'  Studies  in  Anatomy  from  the  Anatomieal  Department  of  The  Otoens  College, 
1891,  vol.  i  p.  209. 

*  This  yiew  has  recently  been  adopted  by  Dr  David  Hepburn  of  the  University 
of  Edinburgh.  He  found  in  the  Grey  Seal  {Hdlichotrus  Orypua),  unlike  other 
Carnivores,  that  the  aorta  terminated  by  bifurcating  into  common  iliac  arteries, 
and  that  the  middle  sacral  artery  arose  from  the  dorsal  aspect  of  the  aorta,  two 
inches  in  front  of  its  bifarcation. 

"To  my  mind,"  Dr  Hepburn  proceeds,  "this  mobility  of  the  point  of  origin 
of  the  middle  aacral  artery  of  the  Seal,  as  compared  with  other  Camivora, 
soggests  the  priority  of  the  aortic  trunk,  and  the  formation  of  the  middle  sacral 
as  a  collateral  branch  rather  than  the  formation  of  the  smaller  vessel  by  fasion 
of  two  primitive  aortte"  ;  and  he  subsequently  adds  further,  **  that  the  compara- 
tively late  period  at  which  the  tail  grows  backwards,  to  a  large  extent  excludes 
thia  vessel  from  being  regarded  as  the  direct  aortic  continuation." — Journal  of 
Anatomy  and  Physiology,  voL  xxx.,  1896,  498  et  seq. 

VOL.  XXXI.  (N.S.  VOL.  XI.)  M 


170  PROFESSOR  ALFRED  H.   YOUNG. 

abnormalities  of  the  middle  sacral  artery ;  our  knowledge  of  these 
abnormalities  has,  however,  been  so  greatly  extended,  and  is  so 
much  more  precise  now  than  it  was,  that  I  may  be  permitted  to 
refer  to  them  again. 

If  the  middle  sacral  artery  is  truly  the  morphological  con- 
tinuation of  the  aorta,  its  most  common  abnormalities  will  in  all 
probability  afford  some  evidence  of  the  fact.  One  might 
anticipate,  indeed,  that  anomalies  of  distribution,  such,  e.g,^  as 
the  origin  from  it  of  important  visceral  or  parietal '  segmental ' 
branches  would  not  be  uncommon ;  on  the  other  hand,  one  would 
hardly  expect  to  find  the  middle  sacral  itself  arising  from  a 
secondary  or  segmental  branch  of  its  own  primitive  trunk. 
Indeed,  it  would  seem  impossible  that  the  true  continuation  of 
the  aorta  could  vary  as  regards  its  origin  at  all. 

As  a  matter  of  fact,  abnormalities  of  origin  are  comparatively 
frequent,  and  those  of  distribution  rare. 

The  mode  and  place  of  origin  of  the  middle  sacral  artery  in 
man  in  400  cases — 39  of  which  came  under  my  observation  in 
the  diasecting-room  of  The  Owens  College — ^are  well  recorded  in 
the  Eeport  of  the  Committee  of  Collective  Investigation  of  the 
Anatomical  Society  of  Great  Britain  and  Ireland  for  the  year 
1891-92.1 

In  322  of  the  400  cases  examined,  the  artery  arose  as  a  single 
trunk  directly  from  the  aorta,  but  the  point  of  its  origin  was  not 
constant.  In  only  one  case  did  it  arise  just  at  the  point  of 
division  of  the  aorta.  The  origin  in  the  remaining  321  was 
above  the  bifurcation  and  from  the  posterior  surface  of  the  aorta, 
— the  exact  poiat  of  origin  being  in  some  few  cases  ''  as  high  €is 
1  inch,  or  25  mm.,  above  the  bifurcation  of  the  parent  stem." 

In  39  cases  the  middle  sacral  arose  in  common  with  the  fourth 
lumbar  arteries,  and  in  all  these  cases,  again,  the  origin  was  well 
above  the  bifurcation  of  the  aorta.  A  single  case  is  also 
mentioned  in  which  the  '  sacra  media '  was  similarly  associated 
with  the  third  lumbar  arteries. 

In  20  cases  the  middle  sacral  arose  from  one  of  the  fourth 
lumbar  arteries,  whilst  in  other  20  cases  the  origin  was  from 
one  of  the  common  iliacs. 

Mr  r.  G.  Parsons,  of  St  Thomas*  Hospital,  in  one  instance 

^  Jcwm,  of  Jnatt  and  Phys,,  toI.  zxyIL  p.  18S. 
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'was  vumble  to  find  the  slightest  trace  of  a  middle  sacral 
artery." 

From  this  report  it  is  clear  that  whilst  the  middle  sacral 
artery  is  almost  invariably  present  in  the  human  subject,  it  is 
not  always  directly  connected  with  the  aorta,  but,  on  the 
contrary,  arises  from  one  of  its  so-called  branches.  Further, 
that  when  arising  directly  from  the  aorta,  it  does  so,  almost 
without  exception,  above  or  in  front  of  the  bifurcation,  and  not 
at  it. 

Thus  the  portion  of  the  main  systemic  trunk  intervening 
between  the  origin  of  the  middle  sacral  artery  and  the  terminal 
bifurcation  cannot,  strictly  speaking,  be  considered  as  aorta  at 
all;  it  is,  as  I  have  previously  said,  rather  to  be  regarded 
as  a  common  allantoic  or  iliac  stem.  In  other  words,  if  the 
middle  sacral  artery  is  the  true  and  direct  prolongation  of  the 
primitive  dorsal  aorta,  surely  the  continuity  must  remain  un- 
broken,— the  sacral  part  of  the  aorta  must  directly  continue 
candalwards  the  abdomiaal  portion,  as  this  latter  continues  the 
thoracic  portion. 

If  this  is  so,  obviously  any  vessels  up  to  the  point  of  origin  of 
the  middle  sacral  must  represent  part  of  the  primitive  dorsal 
aorta.  It  is  difScult  to  admit  this  in  the  not  uncommon 
cases  where  the  middle  sacral  artery  arises  from  one  of  the 
lumbar  vessels. 

lu  short,  the  explanation  of  these  anomalies  of  origin  is  beset 
with  difficulties  so  long  as  the  middle  sacral  is  looked  upon  as 
the  morphological  continuation  of  the  aorta,  whilst  they  clearly 
point  to  the  secondary  character  of  tMs  vessel  as  being  a  branch 
merely  of  the  primary  trunks. 

The  branches  usually  given  off  by  the  middle  sacral  artery 
consist  of  small  mesial  branches  from  the  front  of  the  vessel 
*'  which  pass  into  the  fold  of  the  mesorectum  and  ramify  upon 
the  posterior  surface  of  the  intestine ;  and  others,  on  each  side, 
which  spread  out  upon  the  sacrum,  and  anastomose  with  the 
lateral  sacral  arteries,  occasionally  sending  small  offsets  into  the 
anterior  sacral  foramina."  ^ 

If  the  middle  sacral  is  a  true  caudal  aorta,  the  mesial  branches 
must  be  r^arded  as  corresponding  to  visceral,  and  the  lateral  to 

^  QuaMs  AncU,,  10th  edition,  vol.  ii.  part  ii.  p.  469, 
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intercostal  aud  lambar  somatic  branches;  but  it  is  at  least 
remarkable  that  they  should  have  degenerated  so  much,  aud 
that  their  function  should  have  devolved  so  largely  upon  the 
iliac  vessels. 

On  this  point,  again,  a  consideration  of  the  abnormalities  of 
distribution  of  the  middle  sacral  artery  is  interesting.  They  are 
well  epitomised  by  Professor  Thane  in  Qicain's  Anatomy  {loc.  cit, 
p.  469)  as  follows : — 

"  It  often  gives  off  on  each  side  a  considerable  branch  (lowed 
lumbar  artery)  which  passes  backwards  on  the  fifth  lumbar 
vertebra.  The  middle  sacral  artery  has  also  been  seen  to 
furnish  an  accessory  renal  or  a  middle  hsemorrhoidal  artery." 

The  occurrence  of  parietal  and  visceral  branches,  as  abnor- 
malities even,  may  undoubtedly  be  regarded  as  evidence  in 
favour  of  the  primitive  aortic  nature  of  the  middle  sacral  artery, 
though  abnormalities  of  distribution  must,  I  think,  be  deemed 
secondary  in  importance  to  those  of  origin ;  and  the  morphological 
significance  of  such  abnormalities  is  increased  when  they  fre- 
quently recur  with  a  certain  degree  of  uniformity. 

The  majority  of  the  anomalies  of  distribution  of  the  middle 
sacral  artery  do  not  occur  very  often,  however,  whilst  the  most 
common  abnormality  is  of  doubtful  significance.  The  lowest 
lumbar  arteries  arise  in  many  instances  rather  in  common  with 
the  middle  sacral  than  from  it,  and  it  is  not  possible  to  say 
which  trunk  arises  from  the  other,  whilst  in  other  cases  it  is 
clear  that  the  middle  sacral  itself  arises  from  one  of  the  lower 
lumbars. 

The  occurrence  of  abnormal  visceral  branches  is  rare, — a 
definite  middle  hsemorrhoidal,  replacing  the  one  arising  from 
the  iliac  vessel,  is  almost  unknown.  Somewhat  more  common, 
but  still  comparatively  rare,  is  the  existence  of  accessory  renal 
branches. 

My  friend  Professor  Thane  has  kindly  placed  at  my  disposal 
some  suggestive  notes  and  references  relating  to  this  group  of 
abnormalities,  from  which  I  take  the  following  cases  in  which  a 
renal  artery  arising  from,  or  in  common  with,  the  middle  sacral 
has  been  recorded. 

Otto^  (1830)  briefly  mentions  two  cases — in  one  a   right 

^  Pathol,  Anat.,  1880,  p.  312,  South's  Translation,  1881,  p.  805. 
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renal  branch,  and  in  the  other  a  left  arising  from  the  middle 
sacraL 

Bonnet^  (1835)  describes  a  case  in  which  the  right  kidney, 
very  small,  situated  in  the  pelvis,  receives  its  artery  from  the 
bifurcation  of  the  aorta,  as  if,  he  proceeds, "  the  middle  sacral 
was  transformed  into  the.  renal  artery."  The  presence  or 
absence  of  a  true  middle  sacral,  independent  of  the  vessel  to 
the  kidney,  is  not  stated,  and  the  author  was  evidently  under  the 
erroneous  impression  that  the  middle  sacral  rises  from  the 
bifurcation  of  the  aorta.  This  case  can  hardly  be  accepted 
as  an  instance  in  which  the  kidney  is  supplied  by  the  middle 
sacraL 

Barkow*  (1850)  describes  a  specimen  in  which  the  arteria 
sacra  media  gives  an  offset  which  divides  into  right  and  left 
inferior  renal  branches,  each  of  which  ascends  to  its  kidney  in 
front  of  the  origin  of  the  common  iliac  artery. 

Struthers'  (1863)  showed  specimens  from  two  cases  at  a 
meeting  of  the  Edinburgh  Medical  Chirurgical  Society,  and 
remarked  that  "  the  nature  of  the  arteria  sacra  media,  as  the 
true  aorta,  in  contrast  with  the  iliacs,  which,  notwithstanding 
their  size  in  man,  were  of  the  nature  of  branches,  explained  the 
fact  that  in  both  the  cases  the  renal  artery  furnished  by  the 
middle  sacral,  instead  of  passing  more  directly  behind,  advanced 
and  passed  across  in  front  of  the  common  iliac,  just  as  a 
suppletnentary  or  normal  renal  from  the  aorta  was  in  front  of 
a  lumbar  artery." 

Macalister*  (1883)  records  a  case  in  his  paper  on  "multiple 
renal  arteries,"  and  also  notes  that  the  abnormal  vessel  crosses 
the  left  common  ihac  artery. 

Londe^  (1890)  describes  a  renal  branch  arising  in  common 
with  the  middle  sacral. 

Possibly  other  cases  have  been  recorded,  but  undoubtedly  the 
abnormality  is  not  common. 

^  *'  Anomalies  des  Uret^res  et  da  Rein/'  Bulletins  de  la  SocieU  Anatomique  de 
Pwis,  Janvier  1885,  p.  187. 

'  Anat,  AhJuindl.,  1851,  p.  82.  See  also  Anat.  Samm.,  Breslau,  1850,  No. 
1934 ;  and  Angiologisehe  SamtrUung,  Erste  Abth.  Breslau,  1869,  p.  8,  No.  68. 

*  Edin,  Medical  Journal,  July  1863,  p.  759. 

*  Joum,  of  Anat.  and  Phys,,  vol.  xvii.  p.  251, 

*  BuU,  Soe,  Anat,  Paris,  1890,  p.  199. 
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Speaking  generally  of  this  group  of  anomalous  visceral 
branches,  it  may  be  pointed  out  that  the  existence  of  a  renal 
vessel  arising  from  the  middle  sacral  artery  is  very  rare,  even 
when  the  kidney  is  situated  in  the  pelvis,  whilst  a  renal  branch 
from  the  common  or  internal  iliac  is  by  no  means  an  uncommon 
abnormality.  It  is  even  rarer  to  find  the  middle  haemorrhoidal 
artery,  normally  a  branch  of  the  internal  iliac,  taking  its  origin 
from  the  middle  sacral ;  and  it  is  further  noteworthy  that  the 
spermatic  artery,  a  visceral  trunk  posterior  in  position  in  man 
to  the  renal,  has  not  in  a  single  instance,  so  far  as  I  know,  been 
seen  to  arise  from  the  middle  sacraL 

The  abnormalities  which  have  been  considered,  and  particu- 
larly those  of  origin,  afford,  it  seems  fair  to  say,  valuable 
corroborative  evidence  that  the  middle  sacral  artery  is  not  the 
true  morphological  continuation  of  the  primitive  dorsal  aortse,  a 
conclusion  which  seemed  justified  by  comparative  observations  on 
this  vessel  and  on  the  termination  of  the  mammalian  aorta,  and 
which  is  not  incompatible  with  what  is  known  of  its  develop- 
ment. The  very  rare  abnormality  of  a  middle  sacral  dividing 
into  two  branches  ^  illustrates  what  is  perhaps  the  best  known 
feature  in  its  development,  e.g.^  that  it  first  appears  as  a 
pair  of  longitudinal  vessels  which  soon  fuse  into  one.  Before 
their  appearance,  the  primitive  dorsal  aortte  curve  over  the 
lateral  surface  of  the  posterior  end  of  the  intestine,  and  there  is 
no  vestige  of  a  caudal  continuation  of  the  aorta.  So  much  at 
least  I  was  able  to  record  as  the  result  of  an  examination  of 
mouse  embryos;  but  I  could  not  determine  whether  the 
primarily  paired  middle  sacral  vessels  were  offshoots  from  the 
primitive  dorsal  aortse,  or  whether  their  junction  with  these 
trunks  was  secondary. 

The  observations  of  Dr  F.  Hochstetter  ^  on  rabbit  embryos  of 
11  days  would  seem  to  indicate  that  the  two  small  arteries 
which  eventually  become  the  middle  sacral  are  from  the  first 
connected  with  the  aorta.  The  primitive  double  nature  of  the 
middle  sacral  is  further  shown  by  its  normal  and  permanent 

^  Meckel  (J.  F.),  Manual  of  Anatomy,  Doane's  Translation,  vol.  i.  p.  451. 
Lawrence,  Beport  of  Collective  Investigation  Committee,  Journ,  of  Anai,  and 
Fhys.f  vol,  xxvii.  p.  186. 

2  Morph.  Jahrb.f  xvi.,  1890,  p.  800. 
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character  in  the  armadillo  ^  {Dasypm  sexcinctus),  where  the  two 
vessels  remain  distinct  throughout,  and  in  Auchenia  lama^ 
where  the  vessel  arises  by  a  single  stem,  but  divides  soon  after 
its  origin. 

^  Young,  2ae.  ctL,  p.  213,  plate  vii.  fig.  6. 

'  Barkow,  Comparative  Morphologic  dcs  McTischcn  uttd  dcr  McnxJunahnlichen 
Thicre,  Vierter  Theil,  Tab.  iv.  fig.  2. 
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The  structure  of  lymphatic  glands  has  long  since  found  its 
way  into  all  the  text-books,  but  the  bodies  we  are  about  to 
describe  have  not  hitherto  received  the  attention  they  deserve. 
Although  they  have  been  known  for  a  long  time  to  butchers 
and  others,  it  is  only  within  the  last  six  years  that  any  attention 
has  been  paid  to  their  minute  anatomy.  It  is  very  probable 
that,  when  occurring  in  the  regions  of  the  spleen  and  kidneys, 
they  have  often  been  mistaken  for  accessory  spleens  or  even 
accessory  suprarenak. 

Up  to  the  present,  so  far  as  we  know,  nothing  has  been  said 
about  these  structures  except  in  Man  and  certain  Ungulates. 
We  have  succeeded  in  finding  them  in  a  rodent  (rat)  and  in 
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birds  (common  fowl  and  turkey),  and  also  bodies  closely  allied 
to  them  in  some  other  animals  (dog,  and  certain  fishes). 

We  shall  indicate  later  on  that  there  are  intermediate  forms 
between  ordinary  lymphatic  glands  and  the  bodies  which  are 
the  subject  of  this  paper ;  but  the  important  distinction  remains, 
that  ill  lymphatic  glands  the  sinuses  contain  lymph,  while  in 
the  other  case  they  contain  blood. 

The  investigation  has  been  pursued  in  some  cases  under  very 
difficult  conditions.  The  dissection  necessary  for  the  display  of 
the  glands  had  to  be  carried  on  in  the  case  of  the  ox  and 
sheep  in  the  butcher's  slaughter-house,  and  in  the  case  of  the 
horse  ia  the  knacker's  yard ;  in  the  latter  instance,  particularly, 
careful  dissection  was  out  of  the  question. 

As  regards  the  existence  of  the  glands  in  the  human  subject, 
concerning  which  previous  observers  differ,  we  can  only  state 
that  we  have  found  them  in  at  least  one  case,  though  we  have 
searched  in  vain  in  others.  We  shall  make  further  remarks  on 
this  subject  when  discussing  the  histology  of  the  glands. 

We  have  decided  to  retain  the  name  'hsemolymph  glands,' 
originally  given  to  these  structures  by  W.  F.  Robertson,  since 
they  undoubtedly  combine  ordinary  lymphoid  structure  with 
blood-containing  sinuses. 

Although  our  description  of  the  glands  in  the  sheep  and  ox 
does  not  differ  greatly  from  those  of  Robertson  and  Clarkson, 
we  have  made  our  account  as  complete  as  possible,  since  the 
original  descriptions  were  published  in  Medical  Journals,  and 
iilostrated  by  wood-cuts  of  a  somewhat  unsatisfactory  nature. 
We  thought  the  subject  sufficiently  important  to  deserve  a  re- 
description,  accompanied  by  plates,  in  a  publication  more  certain 
to  come  into  the  hands  of  comparative  anatomists  and  his- 
tologista 

We  are  indebted  to  Dr  Clarkson  for  references  to  two  of  the 
original  papers. 

1.  Bibliographical. 

The  earliest  mention  of  the  hsemolymph  glands  is  contained  in  a 
paper  by  Heneage  Gibbs  in  the  Cbnart,  Journal  of  Micros,  Science 
(1«84),  vol.  xxiv.  p.  186,  "On  some  Structures  found  in  the  con- 
nective  tissue  between  the  renal  artery  and  vein  in  the  human  sub- 
ject"   He  appears  to  have  been  the  first  to  describe   structures 
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resembliug  lymphatic  glands,  but  having  their  sinuses  fall  of  blood 
instead  of  lymph. 

The  first  detailed  description  is  given  by  W.  F.  Robertson  in  the 
Lancet  for  29th  Nov.  1890.  This  observer  found  them  not  only  in 
the  ox  and  sheep,  bat  also  in  the  human  subject^  and  gives  a  very 
careful  description  of  their  anatomy  and  histology,  illustrated  by  wood- 
cuts. He  does  not  appear  to  have  been  aware  of  Gibbs'  observations. 
He  suggests,  with  due  caution,  that  the  bodies  are  concerned  in  the 
formation  of  red  blood  disks,  and  describes  the  nuclei  of  certain  cells 
as  giving  rise  to  eosinophilous  globules,  possibly  small  red  cells.  He 
believes  that  the  nuclei  of  certain  multinucleated  cells  lose  their 
affinity  for  logwood  as  they  increase  in  number,  and  at  the  same  time 
approach  both  in  staining  reaction  and  in  form  to  small  red  blood 
corpuscles. 

To  the  Britiak  Medical  Journal  of  25th  July  1891  Dr  Clarkson 
contributes  a  "  Report  on  Haemal  Glands,"  describing  certain  glands 
which  are  to  be  found  accompanying  the  renal  artery  in  some  herbivora, 
viz.,  horse,  sheep,  and  pig.  He  says,"  after  microscopical  examination, 
it  appears  almost  certain  that  they  have  a  very  important  relation  to 
the  formation  of  the  red  blood  corpuscles."  According  to  him,  they 
do  not  appear  constantly,  but  are  to  be  found  in  the  great  majority  of 
cases.  He  founds  his  view  as  to  the  blood-forming  function  upon 
appearances  very  different  from  those  which  suggested  the  same  thing 
to  Robertson.  He  observed  vacuoles  or  faintly-staining  globules  in  the 
substance  of  certain  cells,  which  he  considered  were  possibly  blood 
corpuscles  in  process  of  formation. 

In  1896,  in  A  Text-book  of  Histology,'^  Clarkson  combines  a 
description  of  the  hssmolymph  glands  of  Robertson  and  the  glands 
previously  described  by  himself  in  relation  to  the  renal  artery,  under 
the  common  name  of  '  haemal  glands,'  classifying  them  in  two  varie- 
ties, but  ignores  both  Gibbs'  and  Robertson's  claims  to  have  found 
the  h£Bmolymph  glands  in  the  human  subject.  In  regard  to  their 
function  here  Clarkson  states  definitely,  "  There  seems  little  reason 
to  doubt  that  they  are  local  centres  for  the  production  of  blood 
corpuscles,  both  red  and  white," 

2.  Methods. 

The  ox,  sheep,  pig,  and  horse  have  been  dissected,  as  before 
stated,  under  great  difficulties.  But  in  every  case  we  have 
taken  care  that  the  tissues  should  be  perfectly  fresh. 

The  hopimolymph  glands,  where  found,  were  placed  immediately  in 
hardening  fluid,  and  subsequently  treated  in  different  ways.  We 
have  found  Mailer's  fluid  to  give  by  far  the  best  results.  We  have 
also  used  alcohol,  both  in  the  form  of  methylated  spirit  to  commence 
with,  and  in  increasiug  strength,  beginning  with  30  %.    The  shrinkage 

1  Bristol  :  J.  Wright  &  Co.,  1896,  p.  254. 
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and  distortion  caused  by  methylated  spirit  rendered  this  reagent  very 
unsuitable  for  hardening  the  glands.  We  have  employed,  in  addition, 
formalin,  Fol's  fluid,  and  Mann's  fluid,  with  varying  results. 

After  hardening,  we  have  obtained  the  best  preparations  by  staining 
in  btdk  with  Ehrlich's  hematoxylin  and  eosin,  embedding  in  paraffin, 
and  cutting  with  the  rocking  microtome.  Others  of  the  glands  were 
stained  with  picro-carmine,  borax-carmine,  and  alum-cochineal,  and 
dmilarly  cut  in  paraffin.  Again,  we  have,  after  hardening,  cut  some 
of  the  glands  with  the  ether  freezing  microtome,  and  stained  the 
separate  sections  in  various  ways.  Finally,  we  have  employed  the 
cover-glass  method  in  several  cases. 

The  results  obtained  by  these  various  methods  have  agreed  tolerably 
well 

3.  Speqes  examined. 

Mammalia  :  Bos  taurus,  0ms  aries,  Eguus  cahallus^  Sus  dorrvesti- 
CU8,  Cants  familiaris,  Felis  domestica,  Mustda  furo,  Lepus 
cuniculuSj  Cavia  cobaya,  Mus  rattvs,  Sdurus  wJgaris,  Mus 
musculuSf  Talpa  europcea,  Erinaceus  europcnts,  Catarrhine 
monkey  (species  not  identified). 

Aves :  Anas  hoschas,  Anser  einereus^  Psittacus  erithacus,  Gallns 
banJciva,  Colutriba  livia,  Mdeagris  gallopavo. 

Amphibia :  Bufo  vulgaris^  Sana  temporaria. 

Pisces :  Gadus  morrhtui,  Anguilla  anguUla,  ScyUium  eanicida, 
and  several  other  Elasmobrauchs,  Cydopterus  lumpus. 

4.  Gross  Anatobiy. 

Mammalia. 

We  shall  describe  the  anatomy  in  the  sheep  and  ox  together, 
as  there  is  no  important  difference  between  them. 

L  Bos  taurus  and  Ovis  aries. 

On  examining  the  fat  in  the  subvertebral  region,  one  finds 
large  numbers  of  blood-red  bodies,  distributed  irregularly 
on  either  side  of  the  vertebral  column.  They  are  always, 
as  far  as  we  have  been  able  to  observe,  completely  embedded 
in  fat.  Immediately  after  the  animal  is  killed  they  are  easily 
seen  distributed  in  the  adipose  tissue,  but  after  some  little 
time,  as  this  becomes  opaque,  the  bodies  are  not  so  readily 
visible.  On  a  cursory  inspection,  they  have  somewhat  of  a 
resemblance  to  blood-clots ;  but  in  spite  of  this  appearance  and 
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their  delicate  consistency,  closer  examination  shows  them  to 
possess  a  definite  strnctnre.  Their  colour  is  that  of  blood,  some- 
times arterial,  sometimes  venous.  Whether  this  is  due  to  more 
or  less  exposure  to  air,  or  whether  it  corresponds  to  some  physio- 
logical distinction,  we  cannot  say,  but  the  former  seems  more 
probable.  They  are  easily  cut  or  ruptured,  and  a  bloody  fluid 
exudes.  Their  shape  is  subspherical  or  oval,  occasionally  lenti- 
cular. 

On  handling,  they  convey  rather  the  impression  of  being  sacs 
filled  with  blood.  In  size,  they  are  decidedly  larger  on  an  average 
in  the  ox  than  in  the  sheep.  They  vary  from  about  2  mm.  to 
1*5  cm.  in  their  greatest  diameter.  Their  average  size  may  be 
roughly  stated  to  be  about  that  of  a  small  pea. 

These  subvertebral  glands  extend  some  distance  into  the 
pelvis,  and  reach  along  the  mesentery  almost  to  the  attachment 
of  the  intestine,  though  they  are  not  very  numerous  in  this 
latter  situation.  Others  are  found  in  the  fat  surrounding  the 
kidney  and  in  the  neighbourhood  of  the  renal  vessels.  Some  of 
these  last  have  an  appearance  slightly  more  resembling  that 
of  a  lymphatic  gland  than  have  those  in  other  situations. 
Clarkson  considers  these  to  be  a  separate  variety,  and  describes 
them  as  being  intimately  connected  with  the  renal  artery.  We 
do  not,  however,  consider  it  possible  to  draw  a  hard  and  fast  line 
between  the  two  kinds.  The  peculiarities  of  typical  examples 
of  Clarkson's  second  variety  will,  however,  be  described  under  the 
head  of  Histology. 

In  the  thorax,  the  glands  are  found  in  less  number  than  in 
the  abdomen,  occupying  in  this  situation  the  connective  tissue 
of  the  mediastina  and  the  fat  round  the  root  of  the  lungs.  But 
they  are  not  constantly  present  in  all  these  situations.  Thus, 
in  one  sheep  we  could  find  none  near  the  roots  of  the  lungs. 
The  bodies  in  the  thorax  are  not  so  large  as  those  in  the 
abdomen. 

ii.  Eguus  cdbaUiis. 

So  far,  the  glands  of  the  horse  have  only  been  described  by 
Clarkson  as  occurring  in  the  neighbourhood  of  the  renal  artery. 
No  subvertebral  glands  have  been  found.  We  have  been  able  to 
some  extent  to  verify  Clarkson's  account  of  those  round  the 
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Mdnej,  but  were  quite  unable  to  ftTamiTift  tbe  subvertebral 
region.  The  glands  near  the  kidnej  do  not  appear  to  be  in 
such  intimAte  association  with  the  renal  aiteiy  as  Clarkson 
describes.  They  were  not,  for  the  most  part^  inserted  on  the 
blood-vessel,  but  placed  at  some  distance  from  it  They  appeared 
as  dark  red  bodies,  of  various  aiaes  and  shapes,  the  average 
diameter  being  about  1-5  cm. 

We  do  not  wish  to  lay  too  much  stress  on  our  observations  in 
the  case  of  the  horse,  for  reasons  already  stated. 

iiL  Iftts  rattus. 

In  the  rat,  bodies  undoubtedly  corresponding  with  the  hffimo- 
lymph  glands  of  the  sheep  and  ox  were  found  to  occur  with 
great  constancy,  embedded  in  a  peculiar  brownish  fat  in  the 
neighbourhood  of  the  renal  artery. 

They  exhibit  the  characteristic  red  colour,  but  are  propor- 
tionably  much  larger  than  in  the  sheep. 

Their  shape  is  sometimes  oval,  sometimes  lenticular ;  and  the 
largest  measured  3  mm.  in  its  longest  diameter.  The  number 
Taries  from  one  to  three ;  and  they  are  sometimes  confined  to  one 
side  of  the  body,  sometimes  found  on  both  sides. 

In  some  few  cases,  however,  no  undoubted  hsemolymph  glands 
were  found,  but  their  place  appeared  to  be  taken  by  compound- 
looking  bodies,  to  be  presently  described. 

In  the  fat,  in  relation  to  the  gastro-splenic  omentum,  was 
fomid  a  row  of  three  or  four  small  bodies,  displaying  great 
difference  in  colour,  some  being  pale  arterial  blood-red,  others 
abnost  colourless.  In  some  cases,  also,  the  bodies  were  pale,  but 
mottled  with  blood-red  patches.  This  chain  of  bodies  was  found 
to  occur  with  great  constancy. 

In  some  of  the  specimens  of  the  white  rat  examined,  the 
hsemolymph  glands  in  the  renal  region  were  apparently  replaced 
hj  pale  bodies,  mottled  like  those  described  above,  while  in  the 
brown  rat  large  lymphatic  glands  only  were  found  in  this  situa- 
tion. 

In  one  specimen  (white  rat)  several  undoubted  hsemolymph 
glands  were  found  in  the  median  and  lateral  subvertebral 
regions. 
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iv.  Cants  familiaris, 

No  typical  bsmolymph  glands  were  found  in  this  animal,  but 
in  one  specimen  examined  two  large  curiously  mottled  bodies 
were  found  on  the  splenic  vein,  one  at  its  bifurcation  before 
entering  into  the  substance  of  the  spleen,  and  another  some 
distance  behind  this  point  These  were  about  2x1  cm.  and 
2*5  X  1'5  cuL  respectively.  They  were  lobulated,  and  in  colour 
partly  red  and  partly  pale  yellow.  Bodies  of  this  character 
were  found  in  different  situations  in  other  individuals,  e.ff.y  in 
the  subvertebral  sacral  region.  Their  appearance  resembles 
that  of  the  compound  bodies  already  described  in  the  rat,  and  it 
will  be  seen  that  this  resemblance  also  obtains  in  their  minute 
anatomy. 

In  one  rabbit  examined  we  found  a  kidney-coloured  body,  oval 
in  shape,  4  x  2|  mm.,  lying  in  the  omentum,  connected  by  a  small 
branch  with  a  large  blood-vessel  running  in  this  structure.  This 
we  took,  at  first  sight,  for  a  haemolymph  gland,  but  on  close 
examination  found  that,  with  the  exception  of  this  body,  the 
spleen  was  unrepresented.  Microscopic  examination  showed  this 
body  to  have  the  true  spleen  structure. 

.  We  have  not  found  haemolymph  glands  in  any  rabbit  examined, 
nor  have  we  succeeded  in  finding  them  in  the  following  mammals, 
— ferret,  cat,  guinea-pig,  squirrel,  mouse,  hedgehog,  mole,  and 
monkey. 

In  the  jp^,  no  subvertebral  bodies  were  found ;  but  the  renal 
artery  was  not  examined 

V.  Aves. — Gallns  bankiva. 

In  the  common  fowl,  in  the  fat  dorsal  to  the  posterior  end  of 
the  sternum,  in  the  abdominal  cavity,  was  found  a  small  dark 
red  body,  evidently  a  true  haemolymph  gland  It  was  spherical 
in  shape,  and  not  quite  1  mm.  in  diameter. 

Other  similar  structures  were  found  in  the  fat  round  the 
stomach  and  below  the  rectum,  the  largest  being  about  1*5  mm. 
in  diameter.  Though  small,  the  appearance  of  these  bodies  was 
unmistakable,  their  resemblance  to  those  of  the  ox  and  sheep 
rendering  their  nature  quite  obvious. 
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We  have  found  that  haemolymph  glands  are  not  invariably 
present  in  the  f  owL    * 

In  a  goose  {Anser  einereus)  we  f onnd  a  body  situated  in  the 
gastro-splenic  omentum,  which,  to  the  naked  eye,  bore  a  close 
resemblance  to  a  hsemolymph  gland.  We  shall  remark  farther 
on  this  body  when  diacnssing  the  Histology.  We  hare  sncceeded 
in  finding  small  glands  in  the  turkey. 

We  have  failed  to  find  any  of  the  glands  in  the  duck,  pigeon, 
and  parrot ;  also  in  the  fn^  and  toad. 

vi.  Pisces. 

We  have  searched  carefully  in  various  species  of  fishes,  both 
in  Teleosts  and  Elasmobranchs,  but  we  have  not  found  anything 
which  appears,  to  the  naked  eye  at  any  rate,  comparable  to  the 
haemolymph  glands  of  higher  vertebrates,  except  perhaps  in 
Cydopterus  lumpus.    (See,  however,  Histology,  below.) 

5.  Histology. 
L  Bos  taurus  and  Oris  arits. 

Since,  in  their  minute  anatomy,  the  hsemolymph  glands  of  the 
ox  and  sheep  are  so  nearly  identical,  it  will  be  simpler  to  include 
them  in  a  common  description. 

Examined  in  section  under  the  microscope,  the  glands  are  seen 
to  be  invested  in  a  fibrous  capsule  {v.  PL  YIII.  figs.  1  and  2,  c), 
which  is  continuous  with  the  trabecular  structure  within  their 
substance. 

The  capsule  varies  in  thickness  within  very  wide  limits,  and 
is  composed  of  fibrous  tissue,  containing  some  few  elastic  fibres 
and  elongated  nuclei,  some  of  which  are  evidently  those  of  plain 
muscle  fibres.  There  are,  however,  other  nuclei  of  various  sizes 
and  shapes,  as  seen  in  section ;  and  many  show  nuclear  granules 
or  nucleoli,  and  occasionally  nuclear  figures.  The  elastic  fibres 
are  particularly  distinct  in  the  ox. 

The  blood  sinus,  to  be  presently  described,  beneath  the  capsule, 
sometimes  encroaches  upon  or  excavates  the  inner  half  of  the 
fibrous  coat  In  the  bullock,  moreover,  the  capsule  is  especially 
loose  in  texture,  and  contains  many  leucocytes  between  its  con- 
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stituent  layers.  Blood-vessels  occur  with  comparative  frequency, 
and  there  are  occasional  spaces  which  do  not  contain  blood, 
presumably  belonging  to  the  lymphatic  system.  Small  patches 
of  dark  brown  pigment  are  also  scattered  sparsely  throughout 
the  fibrous  tissua 

In  most  sections,  immediately  external  to  the  capsule,  are  seen 
numerous  fat-cells  belonging  to  the  tissue,  in  which  the  organ 
was  embedded  (v.  figs.  1  and  2,  /).  In  no  instance  did  we  find 
any  fat-cells  inside  the  capsule. 

The  thickness  of  the  capside  is  more  uniform  in  the  sheep 
than  in  the  ox. 

Continuous  with  the  substance  of  the  capsule  are  Jibraus 
trdbectdce  which  nm  into  the  interior  of  the  gland.  These 
are  comparatively  insignificant  in  the  sheep,  but  large  and 
striking  in  the  ox,  and  resemble  those  of  the  spleen.  They 
are  sometimes  thicker  than  the  capsule  itself.  In  structure 
they  resemble  the  capsule,  and  in  the  larger  glands  may  contain 
in  their  substance  lymph  corpuscles,  either  solitary,  or  aggregated 
to  form  nodules.  Also,  occasionally,  in  the  ox,  they  show  small 
blood  sinuses.  These  trabeculse  branch  irregularly,  and  are  lost 
in  the  substance  of  the  gland. 

Immediately  within  the  capsule  is  a  sinus  containing  hlood,  and 
extending  all  round  the  gland,  as  seen  in  section  (PI.  VIII.  figs. 
1  and  2).    This  peripheral  sinvs  is  of  irregular  width,  varying 
from  about  -^^  -^  the  diameter  of  the  gland,  and  communicates 
by  irregular  channels  with  other  sinuses  in  the  interior  of  the 
gland.    These  central  sinuses,  again,  communicate  freely  with 
each  other,  and  there  is  no  reason  to  doubt  that  the  blood  is 
able  to  pass  freely  from  any  sinus  to  any  other.    Both   the 
peripheral  and  the  central  sinuses  are  lined  by  Siflat  epithelium, 
which  shows  distinctly  in  most  specimens  (fig.  2  (5) ).  This  appears 
to  be  quite  continuous  on  all  parts  bounding  the  sinuses,  being 
reflected  over  the   trabeculae  which   run  through   thenL    In 
profile,  the  nuclei  of    these  cells  appear    as    spindle-shaped 
prominences  on  the  interior  of  the  capsule,  and  bounding  the 
adenoid  portions  of  the  gland.    The  sinuses,  like  the  correspond- 
ing sinuses  in  a  lymphatic  gland,  are  bridged  across  by  an  adenoid 
reticulum.    This  applies  particularly  to  the  peripheral  sinus. 
Some  of  the  smaller  central  sinuses  appear  to  have  no  such 
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reticuIoDL  It  consists,  where  present,  of  irregular  cells,  mainly 
triangular  in  section,  showing  a  nadens  and  nucleolus,  with 
fine  branching  fibrous  processes,  communicating  with  those  of 
neighbouring  cells  (fig.  2,  r).  In  addition  to  this  reticulum  there 
appears  to  be  one  of  another  sort  derived  from  the  fibrous  tissue 
of  the  capsule,  and  these  two  conmiunicate  with  one  another. 

The  sinuses  contain  for  the  most  part  red  blood  cells,  but  there 
are  also  leucocytes  in  considerable  numbers  (figs-  2  and  3,irAx.). 
As  the  proportion  of  the  latter  is  greater  than  in  ordinary  blood, 
it  is  probable  that  many  of  these  white  cells  are  derived  from  the 
lymphoid  tissue  described  below.  We  shall  refer  to  this  point 
again  in  discussing  the  probable  function  of  the  glands. 

Both  the  central  and  peripheral  sinuses  contain  maases  of 
altered  pigment,  probably  some  form  of  hsematin.  In  some 
instances  there  are  leucocytes  containing  pigment,  apparently 
in  various  stages  of  digestion. 

This  pigment  is  also  found  scattered  through  the  lymphoid 
portion  of  the  gland.  The  pigment  masses  are  of  various  sizes 
and  shapes,  and  differ  in  the  intensity  of  coloration,  some  being 
quite  black,  and  others  pale  yellow  or  orange.  Both  in  the 
sinuses  and  the  lymphoid  tissue  there  are  numerous  small 
granules  of  pigment  (fig.  2  (8)). 

That  portion  of  the  interior  of  the  gland  which  is  not  occupied 
by  blood  sinuses  consists  of  lymphoid  tissue,  resembling  that  of 
a  lymphatic  gland.  The  amount  of  space  respectively  occupied 
by  the  sinus  and  adenoid  tissue  varies,  within  very  wide  limits, 
in  different  glands  and  in  different  animals.  Thus  the  central 
sinuses  are  less  extensive  iu  the  bullock  than  in  the  sheep. 

Both  in  the  sheep  and  ox  the  distribution  of  the  lymphoid 
tissue  is  not  perfectly  uniform,  but  it  is  occasionally  aggr^ated 
into  roundish  nodules :  this  is  much  more  striking  in  the  ox  than 
in  the  sheep. 

There  appear  to  be  two  distinct  forms  of  lymphoid  accumula* 
tions:  (1)  large,  irregular,  ill-defined  follicles,  like  those  of  a 
lymphatic  gland,  or  still  more  like  those  of  the  tonsil ;  (2)  smaller 
rounded  or  oval  masses,  as  described  by  Clarkson  and  Bobertson 
as  looking  like  Malpigbian  bodies  of  the  spleen ;  these  are  often 
bounded  by  a  narrow  blood  sinus,  with  a  reticulum. 

The  larger,  less  clearly  defined  follicles  consist  of  an  outer  ring 

VOL.  XXXI.  (N.S.  VOL.  XL)  N 


186       MB  SWALE  VINCENT  AND  MB  H.   8PENCEB  HABBISON. 

of  cells,  with  small  deeply-stained  nuclei,  and  an  inner  circular 
mass  of  cells,  with  large  faintly-stained  nuclei 

The  adenoid  reticulum  appears  in  some  places  to  be  in 
unusually  large  amount,  fibrous,  and  even  muscular,  as  Uiere 
are  numerous  elongated  nuclei,  which  there  is  little  doubt 
belong  to  plain  muscle  fibres  (fig.  2,  8.m.).  These  cells  are  some- 
times placed  end  to  end  in  such  a  manner  as  to  form  long  fine 
strands,  which  wind  among  the  lymph  cella  In  addition  to 
these  strands,  definite  trabeculse  of  fibrous  tissue,  resembling 
that  of  the  capsule,  are  present  in  the  lymphoid  portion,  and 
may  be  seen  in  many  cases  dividing  up  the  central  sinuses  into 
small  irregular  areas. 

Blood-vessels  are  occasionally  met  with  in  the  lymphoid 
tissue,  but  we  have  been  unable  to  come  to  any  definite  con- 
clusion with  regard  to  the  blood  supply  of  the  glands. 

Varieties  of  cells, — The  cells  composing  the  lymphoid  portion 
of  the  gland  bear  a  close  resemblance  to  those  of  adenoid  tissue 
in  general. 

It  will  be  well,  however,  to  describe  the  chief  varieties  met 
with. 

(1)  This  includes  the  great  majority  of  the  cells.  They 
consist  almost  entirely  of  nucleus  with  a  narrow  rim  of  proto- 
plasm. The  nuclei  vary  somewhat  in  shape,  being  usually 
rounded,  sometimes  oval  or  triangular,  and  show  nuclear 
figures. 

The  amount  of  protoplasm  varies,  and  there  are  intermediate 
forms  between  this  and  the  following  variety.  The  diameter  of 
nucleus  ranges  from  about  4  /x  to  6  /a. 

(2)  Cells  with  a  larger  amount  of  protoplasm  than  No.  1, 
irregular  in  shape,  greatest  dimensions  being  8  or  9  ^,  nuclei  4 
or  5  /i  in  diameter.     General  characters  like  the  first  variety. 

Varieties  Nos.  1  and  2  may  contain  pigment,  either  in  the 
nucleus  or  in  the  protoplasm.  Double  and  dividing  nuclei  are 
frequently  to  be  seen.  The  nucleus  is  often  of  a  horseshoe 
shape. 

(3)  Cells  a  little  larger  than  the  preceding,  with  large  pale 
vesicular  nuclei,  oval  or  crescentic  in  shape,  with  one  or  more 
nucleoli. 

(4)  Large  multinuclear  cells,  containing  in  some  cases  seven 
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or  eight  nuclei    Protophsm  homogeneous,  and  staining  with 
eosin. 

(5)  Large  faintly  granular  cells,  stained  pale  pink  with  eosin, 
with  no  appearance  of  nucleus.    Diameter  about  20  /a. 

(6)  Bather  smaller  cells  than  the  preceding,  with  small  dark 
nucleus. 

In  addition  to  these  are  to  be  seen  very  clearly  the  cells  of 
plain  muscle  fibres,  either  scattered  singly  here  and  there  in  the 
section,  or  forming  curved  strands  in  conjunction  with  the  fibrous 
tissue. 

Fixed  connective-tissue  cells  are  also  to  be  seen  applied  to 
the  fibres  of  the  adenoid  reticulum. 

Most  of  these  varieties  were  observed  by  Eobertson ;  but  we 
cannot  confirm  his  statement  that,  in  the  multinuclear  cells,  as 
the  nuclei  increase  in  number,  they  lose  their  affinity  for  log- 
wood, and  stain  more  readily  with  eosin.  It  was  on  these 
grounds  that  he  assigned  a  blood-forming  function  to  the 
glands. 

Garkson  came  to  the  eame  conclusion  with  regard  to  their 
function,  in  consequence  of  very  different  appearances  obtained 
by  him  in  cover-glass  preparations. 

He  found  that  many  of  the  cells  contained  circular  bodies, 
about  the  size  of  red  blood  discs,  which  refused  to  stain  with 
methylene  blue,  but  stained  with  fuchsin.  These,  he  suggests, 
are  red  cells  in  process  of  formation.  We  have  obtained  some- 
what similar  appearances  in  cover-glass  preparations,  but  are 
inclined  to  attach  very  little  importance  to  them,  since  we  could 
observe  nothing  of  this  nature  in  sections  stained  by  other 
methods,  although  in  certain  cells  in  the  rat's  haemolymph 
gland,  as  described  below,  appearances  of  this  kind  were  a  con- 
spicuous feature  in  all  our  sections.  But  for  these  we  shall 
have  another  explanation  to  offer  (see  "  Function,"  below). 

We  have  included  above  in  one  common  description  the 
glands  from  the  subvertebral  region  and  those  found  in  the 
neighbourhood  of  the  renal  artery,  though  among  the  latter  are 
nsually  found  a  certain  number  which  contain  a  much  larger 
proportion  of  adenoid  tissue  and  less  blood-sinus.  These  con- 
stitute Clarkson's  second  variety,  and  are  constructed  as  nearly 
as  possible  on  the  plan  of  a  lymphatic  gland.    Thus  we  may 
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divide  the  whole  organ  into  a  cortex  and  a  medulla.  The  former 
consists,  just  as  in  a  lymphatic  gland,  of  large  rounded  masses 
between  the  trabeculae.  But  the  place  of  the  lymph-sinus  is 
occupied  by  a  blood-sinus  in  these  glands.  The  medulla  like- 
wise consists  of  elongated,  reticulating  masses  of  adenoid  tissue 
and  trabeculae,  with  blood-sinuses  occupying  the  place  of  the 
lymph-sinuses  of  a  lymph  gland. 

Many  of  the  lymphoid  nodules  described  above  are  sections  of 
the  peripheral  (cortical)  nodules  of  these  glands,  but  there  are 
some  more  deeply  or  even  centrally  placed,  and  some  nodules 
are  seen  when  the  section  has  passed  quite  through  the  centre 
of  the  gland. 

iL  JEquiis  cdballus. 

As  already  mentioned,  we  have  only  examined  those  glands  of 
the  horse  which  occur  in  the  neighbourhood  of  the  kidney. 

They  differ  only  in  unimportant  details  from  the  glands  of 
the  ox  and  sheep  already  described. 

The  amount  of  lymphoid  tissue  is  greater,  however,  and  shows 
more  tendency  to  form  aggregated  nodules  than  is  even  the  case 
in  the  ox. 

These  nodules  are  extremely  regular  in  shape,  and  each  one  is 
surrounded  by  a  well-defined  sinus,  usually  of  uniform  width 
(see  fig.  3).  Cells  of  the  varieties  2  and  3  are  more  numerous 
than  in  the  previous  animals. 

iil  Homo, 

Heneage  Gibbs,  in  dissecting  out  the  renal  artery  and  vein  in 
the  human  subject,  found  an  oval  body  measuring  a  little  over  \ 
in.  in  length  by  J  in.  in  breadth.  It  had  a  fibrous  capsule,  which 
varied  very  much  in  thickness  in  different  parts  of  the  circum- 
ference. This  capsule  sent  in  fibrous  trabeculae,  dividing  the 
cortical  portion  into  alveoli.  In  the  alveoli  were  masses  of  cells 
resembling  lymph  corpuscles,  varying  much  in  size.  Throughout 
all  parts  of  the  structure  cell  meisses  were  separated  from  the 
fibrous  trabeculae  by  well-defined  spaces  without  reticula,  and 
into  these  spaces  blood-vessels  opened  directly.  The  spaces 
contained  red  blood  corpuscles,  so  that  there  was  this  great 
difference  between  these  bodies  and  lymphatic  glands: — ^''In 
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the  cue  a  current  of  lymph  passes  through  the  spaces  between 
the  cell  masses  and  trabeculae,  while  in  the  other  there  is  a 
current  of  blood" 

The  author  describes,  in  addition,  in  these  spaces,  a  number  of 
cells  much  larger  than  red  blood  cells,  containing  a  well-marked 
nucleus,  as  lai^  as  that  of  the  cells  forming  the  cell  masses,  but 
not  staining  so  deeply.  In  the  cell  masses  the  cells  are  closely 
^gregated  together,  and  only  their  nuclei  can  be  made  out 
The  lai^e  cells  are  more  numerous  in  the  peripheral  than  in  the 
central  spaces. 

These  glands  imdoubtedly  correspond  to  the  hsemolymph 
glands  we  have  described  in  the  sheep  and  ox,  and  apparently 
to  Clarkson's  second  variety. 

£obert8on  describes  '  prevertebral  haemolymph  glands ' 
obtained  from  the  human  subject,  in  spite  of  the  unfavourable 
conditions  of  post-mortem  examinations,  and  in  spite  of  the  fact 
that  hsemolymph  glands  from  the  human  subject  usually  have 
their  sinuses  more  or  less  empty,  so  that,  instead  of  being  bright 
red,  they  are  pinldsh-grey,  and  approximate  to  the  colour  of  a 
lymphatic  gland.  Histologically,  they  resemble  very  closely 
those  of  the  sheep,  the  only  important  difference  being  that  the 
peripheral  blood  sinuses  are  interrupted  at  places  by  the  lymphoid 
portion  reaching  the  capsule.  In  some  of  the  best  specimens 
he  obtained,  the  same  forms  of  cells  as  he  found  in  the  sheep  and 
bullock  were  clearly  made  out. 

It  would  seem  that  some  of  the  bodies  must  correspond  to  the 
'  compound '  or  '  intermediate '  glands  we  have  found  in  the  rat 
and  dog  (?). 

Since  these  structures  in  man  are  not  generally  recognised, 
we  have  thought  it  desirable  to  reproduce  the  above  descriptions 
in  order  to  call  attention  to  the  subject,  and  we  would  suggest 
that  it  may  be  worth  while  for  pathologists  and  others  who  have 
better  opportunities  than  ourselves  to  carefully  investigate  this 
question.  We  have  examined  some  three  or  four  subjects  several 
hours  after  death,  and  one  almost  immediately  after,  but  have 
not  seen  any  structures  bearing  a  resemblance  to  the  hsemolymph 
glands  of  the  sheep  and  the  ox.^ 

*  Since  the  above  has  been  in  type  I  have,  by  the  kindness  of  Dr  Kaaffmann, 
been  able  to  study  undoubted  hsmoloymph  glands  in  a  boy  aged  9.    There  were 
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iv.  Mus  rattus. 

In  geueral  arrangement,  the  haemolymph  gland  of  the  rat 
does  not  differ  essentially  from  that  of  the  animals  previously 
described ;  that  is  to  say,  it  consists  of  a  capsule,  peripheral  and 
central  blood-sinuses,  and  a  varying  amount  of  adenoid  tissue, 
but  in  some  cases  the  contents  of  the  sinuses  present  peculiar 
and  interesting  features. 

In  the  earlier  specimens  we  examined  (from  which  fig.  4  is 
taken),  the  gland  showed  large  pigment  masses  of  a  yellowish- 
brown  colour,  consisting  mostly  of  highly  refractive  globules, 
having  a  distinctly  oUy  appearance  (fig.  4  (6)  ).  They  could  not, 
however,  consist  of  fat,  since  the  specimens  had  been  passed 
through  turpentine  and  paraffin.  These  globules  are  sometimes 
free,  sometimes  contained  in  cells,  and  are  found  both  in  the 
adenoid  tissue  and  in  the  blood-sinuses,  but  when  free,  chiefly  in 
the  former.  A  large  proportion  of  those  contained  in  cells  are, 
however,  in  the  sinuses.  There  is  also  a  variable  amount  of 
granular  pigment  (y.  fig  4,  (8) )  distributed  in  a  similar  manner 
to  the  globules. 

In  many  parts  of  the  gland,  in  the  sinuses,  are  seen  fairly  laige 
cells  (1),  having  a  nucleus  deeply  stained  with  hsematoxylin  and 
very  faintly  granular,  almost  homogeneous,  eosin-stained  proto- 
plasm, the  latter  being  considerable  in  amount  (fig.  4  (2)  and 
fig.  5  ti).  These  cells  are  mostly  circular  in  outline,  and  about 
11  /i  in  diameter,  nucleus  about  2*6  /x.  Some  of  them  are 
observed  to  contain  two  nucleL  Such  cells  are  fairly  frequent, 
and  form  striking  objects  in  the  field. 

But  of  much  more  interest  are  certain  large  cells  (2),  of  vary- 
ing sizes  and  shapes,  the  largest  having  greatest  dimensions  of  27 
or  28  fjL  (fig.  4  (l)and  fig.  5,  a,  fi,  y).  These  are  often  branched; 
they  crowd  many  of  the  sinuses,  especially  the  central  ones,  and 
are  the  most  characteristic  objects  of  many  of  our  specimens 
(fig.  4).  Within  them  are  circular  bodies,  faintly  stained  with 
eosin  in  most  cases,  in  others  fairly  deeply  stained ;  they  vary  in 
size  in  different  cells,  but  the  great  majority  have  about  the 

at  least  50  of  the  glands  in  the  mesentery  and  gaatro-colio  omentum.  Although 
I  have  not  yet  examined  them  very  carefully,  I  can  affirm  with  certainty  that 
they  were,  some  of  them  at  any  rate,  of  the  kind  described  by  Robertson.— S.  V. 
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same  diameter  as  red  blood  discs  {ef.  r  with  a,  /3,  7  in  fig.  5). 
The  number  contained  in  a  cell  may  amount  to  twenty  or  more> 
or  there  may  be  only  one.  These  we  consider  to  be  definite 
globules,  and  not  mere  vacuoles;  and  in  fact,  in  our  opinion, 
they  are  red  blood  corpuscles.  In  many  of  these  cells,  in 
addition  to  the  pale  pink  globules,  there  is  a  certain  amount  of 
pigment  (r.  S  and  y,  fig.  5),  either  globular  or  granular,  and  in 
most  cases  a  nucleus  (fig.  5,  a,  )3,  7,  cX  In  some  instances, 
however,  this  last  is  either  absent  or  obscured  by  the  [ngment 
(ft  fig:  5). 

It  is  curious  that  in  the  specimens  we  have  been  describii^ 
veiy  few  red  cells  were  to  be  found  in  the  sinuses ;  it  would 
almost  appear  as  if  they  had  nearly  all  been  taken  up  by  the 
above-described  large  cells,  leaving  the  sinuses  practically  free 
from  them.  There  are,  however,  here  and  there,  masses  of  colour- 
less bodies,  with  a  broken  circular  outline,  which  are  possibly  the 
membranes  of  red  corpuscles,  from  which  the  contents  have  been 
removed  {v.  \,  fig.  5). 

There  are  intermediate  stages  between  the  cells  of  the  first 
and  second  varieties  described  above. 

In  other  glands,  however,  the  appearances  were  very  different 
The  sinuses  were  filled  with  red  cells,  and  few  only  of  the  above- 
described  globule-containing  cells  could  be  discovered.  There 
was  a  large  amount  of  pigment,  nevertheless,  free  and  contained 
in  cells,  both  in  the  adenoid  tissue  and  in  the  sinuses.  This  was 
mostly  of  a  golden-yellow  colour.  Besides  these  two  varieties 
of  gland  are  others  combining  the  characters  of  botL  The 
central  sinus  contains  numerous  large  cells  inclosing  globules, 
while  the  peripheral  sinus  is  full  of  red  blood  corpuscles.  It 
would  appear  as  though  the  red  cells  were  admitted  to  the 
central  sinuses  only  to  become  engulphed  in  huge  phagocytes, 
for  the  purpose  of  destruction  of  the  corpuscles  and  the  setting 
free  of  their  pigment^ 

The  adenoid  tissue  of  the  glands  of  the  rat  is  fairly  uniform 
in  its  distribution,  and  does  not  form  nodules  like  those  of  the 

^  In  a  lymphathic  gland  from  the  nei^boorhood  of  the  renal  artery,  in  some  of 
the  ainiuee  were  fonnd  oella  clooely  reaembling  thoee  of  ▼aiiety  2.  It  is  poenble 
that  the  fonction  of  theee  odla  ie  to  destroy  some  few  of  the  red  oorpnecles  in  the 
lymph.  We  have  reason  to  believe  that  lymphatic  glands  can  ezeicise  this 
function,  since,  when  the  spleen  is  remored,  it  is  practieally  certain  that  ita 
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sheep  and  ox.  Blood-vessels  are  frequently  to  be  seen  in  the 
central  adenoid  tissue,  forming  another  point  of  contrast 

In  the  section  dealing  with  Gross  Anatomy,  we  described 
certain  bodies  which  had  the  appearance  of  being  intermediate 
forms  between  hdemolymph  glands  and  ordinary  lymphatic 
glands.  We  guessed  from  inspection  with  the  naked  eye  that 
the  peripheral  blood  sinus  was  not  continuous,  but  only  existent 
in  relation  to  some  portions  of  the  capside.  Microscopically,  this 
is  just  what  we  found.  They  are  bodies  compounded  of  haemo- 
lymph  and  lymphatic  glands,  or,  in  other  words,  they  are  masses 
of  lymphatic  tissue,  with  occasional  peripheral  blood  sinuses. 
The  details  of  their  structure  does  not  require  separate  descrip- 
tion, as  it  corresponds  with  those  described  above. 

V.  Canis/amUiaris. 

In  their  minute  anatomy,  the  compound  glands  of  the  dog 
have  a  greater  resemblance  to  ordinary  lymphatic  glands  than 
have  the  corresponding  bodies  in  the  rat.  Notwithstanding  this, 
the  peripheral  sinus  was  in  many  cases  crowded  with  red  blood 
cells :  it  contained,  however,  a  much  larger  proportion  of  lymph 
corpuscles  than  were  observed  in  the  sheep  and  ox. 

vi  Galltis  hankiva. 

We  have  so  far  been  able  to  find  the  hsemolymph  glands  in 
the  fowl  and  turkey  only  among  birds,  and  even  here  they  are 
not  invariably  present. 

The  greater  part  of  the  gland  appears  to  consist  of  sinus,  and 
there  is  very  free  communication  by  means  of  wide  channels 
between  the  peripheral  and  central  sinuses.  These  are  packed 
with  nucleated  red  blood  corpuscles  and  occasional  large  masses 
of  yellowish-brown  pigment,  apparently  not  inclosed  in  cells, 
but  free  in  the  sinus.  There  are  also  mmierous  small  pigment 
patches.    Many  red  cells  are  to  be  seen  in  the  adenoid  tissue. 

function  is  taken  on  by  the  lymphatic  glands.  It  is  only  reasonable  to  suppose 
that  this  function  is  carried  on  normally  to  a  small  extent.  One  of  us  (Vincent, 
Trans,  ZooL  Soe,,  vol.  xiv.  part  iiL  No.  1,  in  the  press,  and  Bim,  Proc  Nat. 
HisL  and  PhU,  Soc»,  1896,  vol.  x.  part  i.)  has  suggested  that  a  similar  function 
is  performed  by  the  ao-caUed  head-kidney  of  Teleosts. 
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Fairlj  strong  trabecolse  run  in  from  the  capsule.  Blood- 
Tesaels  are  frequent,  both  in  the  adenoid  tissue  and  in  the 
8iDnse&  In  the  latter  situation  the  arteries  appear  to  be 
80{qported  by  the  reticulum.  The  distinction  between  adenoid 
tissue  and  blood  sinus,  although  as  definite  as  in  other  haemo- 
lymph  glands,  is  not  so  striking  on  casual  observation,  on  account 
of  the  led  cells  being  nucleated,  and  thus  not  offering  such  a 
marked  contrast  to  the  lymph  cells  as  do  the  non-nucleated  red 
cells  of  a  mammal. 

In  the  sinuses  are  a  number  of  rather  large  cells,  10  to  12  fi 
in  diameter,  nucleus  6  to  8  /<,  and  in  the  adenoid  tissue  are 
nmnerous  cells  with  large,  oval,  vesicular,  faintly-stained  nuclei, 
like  those  described  in  the  sheep. 

The  lining  epithelium  of  the  sinuses  has  not  been  made  out 
with  certainty,  but  we  think  it  probable  that  it  exists. 

We  have  also  noted  in  the  fowl  similar  appearances,  though 
to  a  slighter  extent  to  those  in  the  rat,  i«.,  large  cells  containing 
stnictures  which  we  interpret  as  red  cells  in  process  of  destruction. 

In  Anser  eineretts  a  small  accessory  spleen  was  found  in  the 
gastro-splenic  omentum.  The  spaces  between  the  cells  of  the 
splenic  pulp  were  wider  than  usual,  and  approximated  towards 
the  condition  of  sinuses,  so  that  the  appearance  of  the  structure 
was  almost  midway  between  ordinary  spleen  and  haemolymph 
gland.  The  adenoid  tissue  was  gathered  together  as  usual  in 
the  spleen  into  Malpighian  bodies,  but  these  were  larger  and 
more  diffuse  than  usual.  In  Mdeagris  gaUopavo  the  glands 
were  precisely  like  those  of  the  fowl. 

vii  Pisces. 

In  Cydoptents  Ivmpus,  in  front  of  the  lymphatic  head-kidney, 
is  a  dark  blood-red  rounded  body  on  each  sida  This  structure 
has  been  previously  considered  by  one  of  us*  to  represent  simply 
a  constricted  off  portion  of  the  head-kidney,  and  described 
as  such.  On  looking  over  the  slides  again,  however,  it  has 
strack  us  that  the  structure  of  this  body  is  practically  identical 
with  that  of  the  haemolymph  glands  we  have  been  describing. 
There  is,  surrounding  a  large  part  of  the  organ,  a  well-defined 

*  Vincent,  Trans,  Zool  Soe,  (in  the  press). 


194       MK  SWALE  TINCEKT  AND  MB  H.  8FEKCXR  HASSISON. 

peripheral  blood  sinus,  and  there  are  many  central  sinuses 
separated  from  one  another  hj  irr^alar  masses  of  adenoid 
tissne,  jnst  as  in  the  haemoljmph  glands  of  the  sheep  and  ox. 
The  sinuses  are  so  full  of  red  corpuscles^  and  the  outlines  of 
these  are  so  distinct,  that  it  is  difficult  to  verify  with  certainty 
the  existence  of  a  reticulum,  but  it  seems  very  likely  that  this 
is  present.  A  delicate  endothelium  can  be  seen  in  many  places 
lining  the  ainuaes. 

This  body  is  sufficiently  like  the  haemolymph  glands  of 
mamnuds  to  warrant  the  description  here. 

Again,  on  examining  sections  of  other  '  head-kidneyB,'  it  is 
seen  that  in  many  parts  of  them  there  are  blood  sinuses  quite 
analogous  to  those  above  described,  but  very  irregularly  dis- 
tributed. 

Still  other  *  head-kidneys,'  e^^  that  of  Molva  wlgaris^  have  a 
structure  almost  identical  with  that  of  spleen,  except  that  there 
are  no  Malpighian  bodies. 

These  facts  are  interesting  inasmuch  as  they  point  to  a  transi- 
tion between  lymphatic,  splenic,  and  hsemolymf^tic  structures. 
This  point  will  be  referred  to  again  below. 

6.  Function. 

These  glands  are  certainly  of  considerable  importance  in  the 
ox,  sheep,  horse,  rat,  and  probably  also  in  man.  But  although 
they  are  undoubtedly  found  in  birds,  they  are  so  few  in  number, 
small  in  bulk,  and  inconstant  in  occurrence,  that  we  cannot 
reasonably  attribute  to  them  any  important  function. 

We  can  offer  no  theory  as  to  the  reason  of  their  restricted 
occurrence  in  mammals. 

We  have  seen  that  the  glands  consist  mainly  of  two  distinct 
parts,  adenoid  tissue  and  blood  sinusea  The  former  has  eveiy 
appearance  of  functionating,  as  does  the  adenoid  tissue  of  an 
ordinary  lymphatic  gland,  i.e.,  in  the  manufacture  of  leucocytes ; 
for  the  majority  of  the  nuclei  have  nuclear  figures,  and  many  are 
seen  to  be  dividing.  But  the  replacement  of  the  lymph  sinuses 
by  others  containing  blood  suggests  at  once  some  function  with 
reference  to  the  red  corpuscle& 

This  function  has  been  considered  by  previous  observers  to 
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be  the  production  of  red  blood  discs.  Sobertson  states  that 
the  nuclei  of  the  multinuclear  cells,  as  they  increase  in  number, 
lose  their  affinity  for  logwood,  and  stain  more  readily  with  eosin, 
at  the  same  time  approximating  in  form  and  size  to  red  blood 
cells.  Hence  he  concludes  that  these  multinuclear  cells  manu- 
facture the  red  blood  corpuscles.  We  have  already  stated  that 
we  find  it  impossible  to  verify  his  observations. 

Clarkson  bases  the  same  view  upon  diiOTerent  appearances,  viz., 
in  cover-glass  preparations,  circular  pale  bodies  in  certain  cells. 
These  he  considers  to  be  red  cells  in  process  of  formation.  These 
we  could  not  find  with  certainty  in  the  ox  or  sheep,  but 
found  them  very  strikingly  present  in  the  rat  {vide  supray.  We 
differ,  however,  from  Clarkson  in  our  interpretation  of  them. 
That  they  are  red  corpuscles  we  can  have  little  doubt,  but 
whether  in  process  of  formation  or  about  to  be  destroyed  is  a 
question  which  presents  more  difficulties. 

We  attach  considerable  importance  to  the  maaaes  of  jMgment 
found  in  different  situations  in  these  glands.  It  appears  to  us 
highly  probable  that  it  is  in  some  way  or  other  derived  from 
the  haemc^lobin  of  the  red  discs ;  and  this  in  itself  is  strongly 
suggestive  of  the  destruction  of  the  corpuscles.  Moreover,  the 
pigment  is  frequentiy  contained  in  nucleated  cells,  and  appears 
to  be  the  result  of  some  activity  on  their  part.  In  the  ox,  sheep, 
and  horse,  we  have  not  succeeded,  so  far,  in  finding  any  further 
evidence  of  any  great  activity  in  regard  to  the  red  discs,  though 
the  lymph  corpuscles  in  the  adenoid  tissue  are  seen  to  be 
multiplying  by  karyokinesis.  But  in  the  rat  the  difficulty  is 
not  in  obtaining  evidence  of  activity,  but  in  deciding  what  the 
nature  of  this  activity  is. 

We  have  little  hesitation  in  stating  that  the  large  ceUs  of 
variety  2  found  in  the  sinuses  (see  above)  are  amoeboid 
leucocytes  of  unusual  dimensions, — are,  in  fact,  phagocytes ;  and 
we  have  but  little  less  hesitation  in  pronouncing  the  pale 
globules  within  them  to  be  red  cells. 

How,  nothing  is  known  of  intracellular  formation  of  blood 
discs  in  the  adult,  while  we  are  familiar  with  the  fact  that  they 
are  taken  up  and  destroyed  by  large  cells  in  the  spleen.  Again, 
when  red  cells  are  produced  in  the  adult  they  are  nucleated,  but 
here  the  bodies  under  discussion  are  always  non-nudeated.    It 
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would  therefore,  on  the  whole,  appear  much  more  likely  that 
the  red  cells  are  taken  up  by  these  phagocytes  in  order  to  be 
destroyed,  and  that  the  pigment  is  the  result  of  the  breaking 
down  of  the  haemoglobin.  Moreover,  we  believe  that  we  have 
observed  some  of  the  stages  of  this  process. 

Eobertson's  view  we  shall  not  further  discuss,  because  we  have 
been  unable  to  verify  the  actual  appearances  he  observed. 

What  we  imagine  to  take  place  in  these  glands  is  somewhat 
as  follows : — 

Certain  large,  branched  cells,  which  we  take  to  be  amceboid, 
surround  and  take  into  their  substance,  after  the  manner  of 
phagocytes,  a  number  of  red  blood  corpuscles  (1-20).  Then 
gradually  the  colour  and  shape  of  the  red  discs  change,  till  we 
get  pigment  globules  of  varying  tints.  Sometimes  these  become 
c^gg^cgated  together  to  form  large  pigmented  cells,  and  often 
the  nucleus  is  obscured.  At  other  times  the  pigment  becomes 
broken  up  into  fine  granules,  which  become  darker  and  darker 
till  they  are  almost  black.  Sometimes,  too,  the  pigment  becomes 
set  free  from  the  cells,  and  is  distributed  in  masses  and  granules 
in  different  parts  of  the  gland. 

These  are  practically  the  same  appearances  as  have  been 
described  by  Kolliker  and  others  as  occurring  in  the  process  of 
corpuscle  destruction  in  the  spleen. 

7.  Summary. 

1.  The  hsemolymph  glands,  so  far  as  is  known  at  present, 
exist  in  man,  and  in  Ovis  aries.  Bos  taurus,  Eqwus  cahalltts,  Svs 
domesticus,  Mus  ratttis,  and  Canis  familiaris  among  mammals ;  in 
GcUlus  hanhiva  and  Mdeagris  gallopavo  among  birds.  A  strictly 
comparable  structure  (histologically)  exists  also  in  the  'head- 
kidneys'  of  certain  Teleostean  fishes.  In  some  of  the  above- 
named  animals  the  glands  do  not  appear  constantly. 

2.  They  have  been  searched  for  but  not  found  in  Bana 
temporaria,  Bufo  vulgaris,  Tropidonottis  ncUrix*  Crocodilus,* 
Phoenicopterus,*  Anser  cineretts,  Psittdcus  eriihacus,  Coluinbia 
livid,  Camelus  dromedarius*  Mus  muscvlus,  Cavia  cobayay 
Lepus  cuniculus,  Mustda  furo,  Felis  Pardus*  F.  domestica,  Tcdpa 

*  The  species  marked  with  an  asterisk  have  not  been  examined  by  onrselves. 
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turopcsa^  JErinaceus  euwpcem,  Catarrfaine  monkey  (species  not 
noted). 

3.  In  our  opinion,  they  are  modified  lymphatic  glands,  and 
probably  developed  from  them,  consisting,  as  they  do,  of  adenoid 
tissue,  with  blood-contaiuing  sinusea 

4.  In  certain  animaky  e.g.,  rat  and  dcg^  there  ate  glands  irAurA 
iiffer  liitk  to  the  naked  eye  from  lymphatic  glands,  but  ^ieh  an 
found  on  microscopic  examination  to  contain  blood  sinuses. 

These,  however,  can  nsnally  be  distinguished  maciosoopically 
from  ordinary  lymphatic  glands  by  their  exhibiting  blood-red 
patches  of  varying  dimensions  on  their  sorfaca 

5.  We  consider  it  doabtfol  whether  the  haemolymph  glands 
have  anything  to  do  with  the  production  of  red  Uood  corposcks, 
but  they  present  every  appearance^  in  some  eases  at  least,  of  taking 
fart  in  the  dedruction  of  these  elements, 

6.  We  believe  that  we  have  found  gradual  transitions  from 
hsemolymph  glands,  on  the  one  hand,  to  ordinary  lymphatic 
glands,  and,  on  the  other  hand,  to  the  structure  of  spleen.    So 
that  no  hard  and  fast  line  can  be  drawn  marking  off  these 
structures  from  one  another.    A  lymphatic  gland  has  only  to 
oontaiu  blood  in  part  or  the  whole  of  its  sinuses  to  constitute 
itself  one  of  the  varieties  of  hsemolymph  glands.    In  certain 
accessory  spleens,  moreover,  the  splenic  reticulum  is  so  widened 
out  as  to  approximate  to  a  blood  sinus  of  a  haemolymph  gland, 
and  the  Malpighian  bodies  are  so  diShse  as  to  resemble  the 
lymphoid  portions  of  the  blood  lymph  glands.    So  that  spleen, 
hsemolymph  glands,  and  ordinary  lymphatic  glands  form  almost 
a  continuous  series. 
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EXPLANATION  OF  PLATE  VIIL 

References  common  to  Fig$,  1,  3,  3,  4. 

hUl.v,^  blood-vesteL 
Hd,9,^  blood  sinuB. 
6.|  capsule. 
cMdiM.^  central  blood  8inii& 
p.bld^,f  periphend  blood  ainiiB. 
/.,  fat  ontoide  capeule. 
Lf  lymphoid  tissue, 
r.,  reticolam  of  sinna 
r.Cf  red  blood  corposdea. 
8,m,f  nuclei  of  plain  muscle. 
tch.e.^  leucocytes  in  blood  sinus. 

1,  large  cells  containing  globules. 

2,  cells  with  homogeneous  eoein-stained  protopIasnL 

3,  branched  nucleated  cells  of  reticulum. 

4,  debris  of  blood  in  sinus. 

5,  epithelium  of  blood  sinus. 

6,  pigment  mass  in  lymphoid  tissue. 

7,  large  cell  in  sinus  containing  pigment 

8,  pigment  dots. 

Fig.  1.  Section  of  haBmolymph  gland  of  sheep,  showing  general 
relations  of  capsule,  adenoid  tissue,  and  blood  sinus  (  x  40,  drawn 
with  Zeiss'  camera  lucida). 

Fig.  2.  Portion  of  hasmolymph  gland  of  sheep,  more  highly  magni- 
fied, showing  details  of  structure  of  capsule,  sinus,  adenoid  tissue, 
endothelium,  etc  (Leitz.  Pantachrom.  3  mm.). 

Fig.  3.  Portion  of  hsemolymph  gland  from  renal  artery  of  horse, 
showing  nodule  of  adenoid  tissue  surrounded  by  a  blood  sinus.  The 
endothelium  is  well  shown. 

Fig.  4.  Small  portion  of  hssmolymph  gland  of  rat^  showing  adenoid 
tissue  and  blood  sinus,  with  contents,  pigment,  &c 

Fig.  5.  Cells  from  sinus  of  hcemolymph  gland  of  rat  (Zeiss'  water 
immers.     Compens.  Oc.  12). 

Pf  >  Large  cells  containing  pale  globules  (Var.  ii.,  see  text). 

y. ) 

8,  Pigmented  cell  containing  one  globule. 

c.  Slightly  differs  from  a,  )9,  y ;  shows  clear  space  round  nucleus. 

{,  Nucleated  cell  with  pigment,  but  no  globules. 

17,  Cell  with  homogeneous  eosin-stained  protoplasm  (Yar.  i.,  see 

text). 
0,  Cell  containing  pigment  partly  in  form  of  globulea 
i.  See  Tf, 

K,  Red  blood  corpuscle. 
A,  Membranes  of  red  blood  corpuscles. 

'*'    >  Leucocytes  of  the  most  common  variety. 


THE  ACTION  OF  THE  PBODUCTS  OF  THE  OBGAJHSM 
OF  DIPHTHERIA  ON  THE  HEART  MUSCLE  OF  THE 
FROG  (Bona  temporariay  A  Pbkldhnast  NonL  By 
Gordon  Shabp,  M.D.  Edin. 

Is  the  following  research  an  endeavour  is  made  to  ascertain  if 
the  products  of  the  Elebs-Loeffler  badllns  have  any  action 
directly  on  the  heart  muscle.  Cases  of  diphtheria  often  die 
suddenly ;  and  although  this  may  he  due  in  many  instances  to 
paralysis  of  the  vital  centres,  there  may  he  cases  where  the 
poisonous  products  circulating  in  the  hlood  have  a  dehilitating 
action  on  the  heart  muscle  itself,  just  in  the  same  way  as  v^e- 
table  alkaloids  and  glucosides.  This  ''imperfect  or  altered 
condition  of  its  circulating  hlood"  on  the  tissues  was  long  ago 
observed  by  Sir  Thomas  Watson  in  his  oft-quoted  lectures  on 
diphtheria,  but  this  phase  of  the  question  would  not  appear  to 
have  received  the  attention  it  deserves. 

In  the  following  experiments  the  methods  employed  are  fully 
explained. 

Erperiment  L — At  a  temperature  of  65*  F.  a  healthy  female  hof^ 
well  nourished,  was  pithed,  and  a  cannula  inserted  in  the  ventricle, 
the  septom  being  divided  and  the  pericardial  vein  tied.  The  «mnnU 
was  tied  in,  the  heart  removed  from  the  body,  inserted  in  saline  sohi- 
tion,  and  attached  to  a  perfusion  appanita&  Normal  saline  solution 
was  then  passed  through  the  heart,  and  kept  up  at  a  nearly  constant 
pressure  for  half  an  hour,  during  which  time  the  heart-beats  were 
tegular  and  strong  in  character.  At  the  end  of  half  an  hour  normal 
saline  solution  containing  dissolved  in  it  the  products  of  a  culture 
tube  from  a  case  of  true  diphtheria  of  the  throat  was  then  turned  on, 
the  pressure  being  kept  constant. 

Ite9uU:— 

1.  For  the  first  fifteen  minutes  the  heart  heat  stronger. 

2.  For  the  second  fifteen  minutes  diastole  becomes  prolonged. 

3.  The  next  fifteen  minutes  are  marked  hy  cycles  of  one 
regular  systolic  beat  and  one  regular  diastolic  heat  and  one  long 
diastole. 

'  Part  of  a  thesis  for  the  degree  of  Doctor  of  Medicine,  UniTersity  of  TMiiy 
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4.  The  fourth  fifteen  minutes  show  systole  less  complete  and 
diastole  as  prolonged  as  in  the  last  cycle. 

5.  The  heart  is  now  evidently  getting  weaker,  and  the  poison 
is  stopped,  and  normal  saline  solution  again  turned  on  and  is 
passed  through  for  three-quarters  of  an  hour,  but  the  heart  stops 
in  diastole.  Despite  this,  saline  solution  is  still  passed  through. 
In  half  an  hoiir  later  the  organ  recovers  somewhat  and  weak 
systolic  efforts  are  made,  but  there  is  never  a  strong  beat,  and 
the  heart  stops  in  full  diastole. 

I  should  add,  that  in  the  various  changes  from  pure  normal 
saline  to  poisoned  normal  saline  solution,  the  heart  was  respec* 
tively  suspended  in  the  same  fluid  as  was  passed  through  its 
chamber. 

Experiment  IL — Under  the  same  conditions  as  in  Experiment  I., 
a  well  nourished,  healthy  female  frog  was  employed.  To  normal 
saline  solution  feeble  systolic  and  diastolic  movements  were  observed. 
Saline  solution  was  continued  for  fifteen  minutes,  after  which  the 
heart  was  allowed  to  rest^  the  tube  being  clamped.  After  a  short 
period,  saline  was  again  turned  on.  The  heart-beats  were  as  before, 
being  regular  but  not  strong,  this  being  evidently  the  normal  character 
of  the  heart. 

The  poisonous  saline  was  now  turned  on  and  the  effect  watched. 

Resfult : — 

1.  For  fifteen  minutes  the  beats  were  much  as  under  normal 

saline. 

2.  At  the  end  of  fifteen  minutes  diastole  became  markedly 

prolonged. 

3.  The  heart  was  evidently  failing,  and  the  poison  tube  was 
clamped  and  pure  saline  turned  on. 

4.  At  the  end  of  a  few  minutes  diastole  became  less  prolonged, 
and  slowly  the  organ  returned  to  the  weak  regular  systole  and 
diastole  as  when  saline  was  first  turned  on. 

5.  The  poisoned  saline  was  once  more  turned  on,  and  revealed 
a  condition  similar  to  that  already  described.  At  this  time  the 
poison  was  continued  for  fifteen  minutes. 

6.  Pure  saline  once  more  passed  through,  and  again  the  heart 
recovered,  but  took  longer  time  than  before.  Continued  for 
fijfteen  minutes. 

7.  Poison  now  passed  through.  Effect  as  before;  diastole 
being  prolonged.  The  heart  is  getting  weaker,  and  finally  stops 
in  diastole. 
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8.  Pure  saline  is  again  ran  through  and  kept  np  for  half  an 
hoar,  but  the  heart  fails  to  respond. 

From  these  experiments  it  wonld  appear  as  if  the  prodacts  of 
the  organism  of  diphtheria  acted  directly  on  the  heart  muscle. 

Dedudions  and  Pradical  Applieatiotu, — Diphtheria  poison  is 
to  be  classed  with  the  acids  which  have  as  their  Jinal  action  the 
stoppage  of  the  heart  muscle  in  diastole.  In  the  same  list  we 
find  moscarine,  emetine,  apomorphine,  the  alkaloids  of  green 
hellebore  (  Veratrum  viride)j  potassium  salts,  and  certain  doable 
salts,  notably  those  of  copper  and  zinc  Bat  to  some  of  these 
last  mentioned  we  find  the  relationship  is  even  closer  than  at 
first  appears.  The  potassium  salts  and  doable  salts  just  named 
first  excite  and  then  finally  parafyse  the  heart  muscle,  and  it 
seems  as  if  this  was  the  action  of  diphtheria  poison.  In 
Experiment  I.  the  heart  beat  stronger  for  the  first  fifteen 
minutes  of  the  passage  of  the  poison  through  its  chamber;  in 
Experiment  11.,  if  for  the  first  fifteen  minutes  the  beats  were 
not  stronger,  they  were  at  least  no  weaker  than  with  normal 
saline  solution. 

Pharmacology  is  useful  in  that  it  confirms,  supplements,  or 
interprets  our  clinical  evidence.  It  further  points  to  the  rational 
treatment.  By  combining  the  clinical  and  the  pharmacological 
evidence  we  frame  our  therapeutics.  In  the  present  instance 
we  have  an  indication  to  avoid  all  remedies  which  have  for 
their  final  effect  depression  of  the  heart.  Hence  alcohol,  which 
is  often  given  in  large  doses  in  diphtheria,  should  be  especially 
watched  in  its  action.  Our  aim  and  object  should  be  to  obtain 
the  benefits  of  stimulation,  and  none  or  as  little  as  possible  of 
its  evils.  This  happily  we  can  do  now  by  giving,  either  alone  or 
with  the  alcohol,  the  various  digested  foods,  which  not  only  stimu* 
late  the  tissues,  but  also  supply  them  with  the  necessary  materials 
for  their  rapid  growth  and  repair.  It  was  long  ago  observed 
by  clinicians  that  diphtheria  was  especially  fatal  in  its  effects 
on  those  of  a  "  relaxed  habit  of  body."  Here,  again,  the  clinician 
and  the  pharmacologist  join  issue ;  and  I  believe  their  evidence 
farther  supports  the  general  Hue  of  treatment  which  I  have 
just  advocated,  namely,  stimulation  without  ultimate  depression. 
This  is  especially  important  in  the  treatment  of  the  young 
child. 
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AN  INVESTIGATION  INTO  SOME  OF  THE  PRIN- 
CIPLES OF  AUSCULTATION.  By  Albkkt  A.  Gray, 
M.D.  Glasgow. 

The  object  of  this  paper  is  to  consider  the  conditions  which 
affect  the  transmission  of  sound  through  the  lungs.  The  first 
part  is  concerned  with  the  intensity  with  which  sound  is  con- 
ducted through  those  organs,  both  in  health  and  disease,  while 
the  second  part  relates  to  the  changes  in  quality  which  it  may 
undergo  in  transmission.  Existing  theories,  especially  those  of 
Skoda  and  Laennec,  will  be  discussed  throughout  the  paper. 

The  experiments  described  were  carried  out  in  the  physio- 
logical laboratory  of  Glasgow  University,  and  the  writer  wishes  to 
thank  Professor  M'Eendrick  and  Dr  Eraser  Harris  for  their  help. 

Besides  those  just  referred  to,  another  series  of  experiments 
was  carried  out  in  the  Western  and  Victoria  Infirmaries,  and 
thanks  are  due  to  Dr  Gemmell  and  Dr  Napier  for  permission  to 
perform  these  in  their  wards.  This  series  is  not  described  in 
detail,  but  only  the  method  of  performing  the  experiments,  and 
the  general  results  obtained. 

Part  I. 

Clinical  Experiments. — ^The  method  of  performing  these  experi- 
ments was  as  follows : — 

A  tuning-fork  (A1.440  vibs.)  was  set  vibrating,  and  placed  on 
various  points  on  the  surface  of  the  patient  s  chest.  The  points 
usually  selected  were,  the  cricoid  cartilage,  the  manubrium  stemi, 
and  the  lower  part  of  the  sternum,  just  above  the  ensiform 
cartilage.  While  the  fork  was  held  in  position  by  an  assistant, 
the  experimenter  listened  for  the  sound  over  the  back  of  the 
chest  with  a  stethoscope.  Of  the  patients  examined  in  this  way, 
four  were  suffering  from  pleurisy  with  effusion,  one  from  tumour 
of  the  lung  accompanied  by  pleuritic  effusion,  and  five  from 
phthisis  puhnonalis. 

The  results  obtained  from  these  experiments  were  interesting. 

Thus,  when  the  stem  of  the  fork  was  placed  upon  the  cricoid 
cartilage,  the  difference  in  intensity  of  the  sound  heard  over  the 
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two  aides  of  the  cbest  faehiiid,  ooncspooded  eracilj  wiih  ihe 
diffeienoe  in  intensity  at  the  soond  of  the  patient's  roke  heaid 
OTer  the  same  aiets.    That  is  to  sst,  in  esses  of  phthisis,  hoth 
the  sound  of  the  toning-fort:  and  the  Toioe  were  heard  better  over 
the  diflftased  region  than  over  the  eonespoDding  healthy  one  of 
the  opposite  side;  while  in  the  cases  of  pleurisy,  these  sounds 
were  heard  more  feebly  over  the  diseased  than  otot  the  healthy 
parts.    When,  however,  the  instniment  was  placed  apon  the 
lower  part  of  the  stemnm,  the  soond  was  heard  behind,  better 
over  the  diseased  snrboe  than  over  the  healthy  parts :  this  was 
true  both  in  the  cases  of  phthisis  and  pleurisy.    This  fact  is  the 
most  important  resolt  of  the  experiments,  because  it  is  not  in 
accordance  with  the  teaching  at  present  in  Togue  conoemii^  the 
diminution  in  intensity  of  the  vocal  resonance  in  pleurisy,  vii., 
that  a  layer  of  fluid  in  the  pleura  acts  as  a  great  hindrance  to 
the  transmission   of    the  voice  through  the  chesL     If   this 
hypothesis  were  true,  then  we  would  expect  the  sound  of  the 
tuning-fork,  when  placed  upon  the  sternum,  to  be  heard  much 
less  fiiintly  through  the  fluid  than  on  the  healthy  side,  the 
conduction  by  the  thoracic  walls  being  equal  on  both  sides.    As 
a  matter  of  fact,  the  layer  of  fluid  is  not  such  a  serious  obstacle 
to  the  transmismon  of  sound  as  it  is  stated  to  be  in  works  on 
physical  du^osia    The  real  cause  of  diminution  of  vocal  reso- 
nanoe  and  fremitus  is  to  be  found  iu  the  collapsed  and  relaxed 
state  of  the  lung  itself  which  occurs  in  pleurisy  with  effioLsiou. 
In  other  words,  the  sound  of  the  voice  reaches  the  fluid  with 
greatly  diminished  intensity  compared  with  that  with  which  it 
reaches  the  chest  wall  on  the  healthy  side.    This  matter,  how- 
ever, will  be  discussed  more  fully  at  a  later  stage. 

The  above  remarks  form  the  summary  of  the  results  of  the 
experiments  on  living  patients.  The  clinical  histories  of  the  in- 
dividual cases  are  not  related,  as  they  are  in  the  original  article.^ 

Part  II.— A. 
inferences  in  Intensity  of  Sotmd  conducted  through  the  Lung. 

A  healthy  adult  was  selected,  and  a  tuning-fork  (A1.440  viba) 
struck,  and  placed  on  the  suprasternal  notch.    On  listening  over 

^  Thesis,  for  the  degree  of  M.D.  of  Glasgow  Uniyersity. 
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the  back  with  the  stethoscope,  the  soond  was  heard  best  over  the 
first  dorsal  vertebra,  and  decreased  in  intensify  on  proceeding  down 
the  middle  of  the  back ;  at  the  lateral  parts  of  the  back  it  was 
heard  less  intensely  than  over  the  vertebrse,  and  over  these  parts 
also  the  sound  decreased  in  strength  on  proceedii^  downwards. 

When  the  instrument  was  set  in  vibration  and  placed  upon 
the  middle  line  of  the  sternum,  just  above  the  ensiform  cartilage, 
it  was  heard  very  well  over  the  back  on  placing  the  stethoscope 
over  the  7th,  8th,  and  9th  dorsal  vertebrse.  The  sound  was  also 
very  well  perceived  over  the  r^ons  on  each  side  of  these  bones, 
and  for  some  reason  it  was  rather  better  heard  two  or  three 
inches  to  the  left  of  the  middle  line  than  at  corresponding  points 
on  the  right  back.  [The  writer  has  since  found  that  this  is  due 
to  the  position  of  the  heart,  especially  the  ventricles  lying  to 
the  left  of  the  middle  line.] 

Keeping  the  tuning-fork  in  the  same  position,  but  moving  the 
stethoscope  upwards,  the  sound  did  not  lose  in  intensity  the 
whole  way  up  the  spine ;  if  anything,  it  rather  increased.  The 
slight  difference  in  intensity  noted  lower  down  between  the  two 
sides,  disappeared  on  proceeding  upwards. 

During  these  experiments,  the  intensity  of  the  sound  was 
heard  to  increase  as  inspiration  proceeded,  and  to  decrease  with 
expiration. 

On  placing  the  instrument  upon  the  crico-thyroid  membrane, 
with  a  small  piece  of  wood  interposed  in  order  to  make  sufficient 
volume  of  sound,  the  note  was,  of  course,  not  heard  with  any- 
thing like  the  same  intensity  as  in  the  former  experiments. 
But,  strange  to  say,  the  difference  in  intensity  during  inspiration 
and  expiration  was  more  marked  than  before ;  and  this  difference 
became  still  more  pronounced  if  inspiration  and  expiration  were 
attempted  with  a  closed  glottis.  This  latter  phenomenon  may  j 
perhaps  be  explained  by  the  fact  that  the  respiratory  murmur 
did  not  mask  the  sound  of  the  fork. 

On  inquiring  into  the  cause  of  this  difference  of  the  conduc- 
tion of  the  sound  during  the  two  portions  of  the  respiratory  act, 
care  must  be  exercised.  At  first,  the  writer  was  inclined  to 
attribute  it  to  the  difference  in  tension  of  the  structures  forming 
the  thoracic  walls.  But  although  this  may  partly  explain  the 
fact,  it  does  not  entirely  do  so,  because — 
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(1)  The  nearer  the  fork  was  brought  to  the  saprasteraal 
notch,  it  was  noticed  that  the  difference  in  intensity  of  the  sound 
during  inspiration  and  expiration  became  more  pronounced. 

(2)  The  difference  was  not  more  marked  at  those  parts  of  the 
thorax  where  the  greatest  changes  in  the  tension  of  the  parietes 
occur  during  respiration,  viz.,  the  lower  parts  of  the  thorax. 
On  the  contrary,  it  was  noticed  equally  well  aU  over  the  chesL 

(3)  The  difference  was  most  pronounced  when  the  stem  of  the 
fork  was  placed  upon  the  trachea  or  larynx,  and  it  is  precisely 
in  this  position  that  most  sound  would  travel  through  the 
trachea,  bronchi,  and  lung  to  the  stethoscope,  and  least  by  the 
parietes. 

Considerii^,  therefore,  that  this  difference  might  be  due  to 
changes  in  tension  of  the  intrathoracic  structures,  the  writer 
performed  the  following  experiment : — 

After  repeated  attempts  to  procure  uninjured  lung  from  the 
butchers'  shops,  as  these  were  always  lacerated,  a  dog  was  killed, 
and  the  lung  and  trachea  carefully  removed  from  the  thorax. 

A  cork  with  a  metal  tube  running  through  its  long  axis  was 
inserted  into  the  open  end  of  the  windpipe,  and  firmly  tied  there. 
An  india-rubber  tube  was  fastened  over  the  projecting  end  of 
the  metal  tube,  and  placed  in  connection  with  an  air-pump. 

A  tuning-fork  (A1.440  viba)  was  kept  vibrating  at  a  constant 
intensity  by  means  of  an  electric  battery  and  coil,  and  the  stem 
of  the  instrument  was  placed  upon  the  cork.  An  assistant 
inflated  the  lungs  by  means  of  the  air-pump  or  the  mouth,  as  the 
experimenter  listened  over  the  organs.  As  distension  proceeded, 
the  sound  grew  in  intensity  until  full  inflation  was  reached. 
On  letting  the  air  gradually  escape,  the  sound  died  away  as 
collapse  ensued.    The  experiment  was  repeated  several  times. 

It  should  be  noted  that  during  this  experiment  the  sound 
reaches  the  lungs  by  the  trachea  only,  and  not  by  the  dish  or 
table  on  which  the  organs  are  resting;  hence  the  windpipe 
should  be  raised  up  from  the  table  or  disb,  and  the  wrist  of  the 
assistant  must  not  be  allowed  to  rest  upon  the  table. 

It  is  important  that  the  organs  should  not  be  suspended  by 
tiie  trachea,  because  their  weight  alone  causes  tension;  they 
may  be  suspended  in  a  towel.  The  end  of  the  stethoscope  must 
not  be  pressed  into  the  collapsed  lung,  as  is  so  liable  to  occur. 
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but  must  be  applied  gently  aud  equably  throughout  the  experi* 
ment  At  the  bedside  we  are  never  able  to  compress  the  lung 
with  our  stethoscope. 

From  these  experiments  on  living,  healthy  and  diseased 
subjects,  and  from  those  upon  the  lungs  extracted  from  the 
thorax,  it  would  appear  that  the  elasticity  of  the  respiratory 
organs  and  the  tension  which  they  may  assume  has  a  consider- 
able efifect  upon  their  power  of  transmitting  sound  We  would, 
indeed,  expect  this ;  and  the  simplest  acoustical  experiments  show 
that  tension  of  elastic  substances  plays  a  considerable  part  in 
the  conduction  of  sound  through  them.  The  following  is  an 
example : — 

One  end  of  a  piece  of  string  is  tied  to  the  stem  of  a  tuning- 
fork,  and  the  other  to  the  stem  of  a  stethoscope.  Let  the 
earpiece  of  the  stethoscope  be  applied  to  the  ear  while  the 
tuning-fork  is  vibrating,  and  put  the  string  into  alternating 
states  of  tension  and  relaxation  by  pulling  the  fork  away  from 
the  stethoscope  and  then  bringing  it  nearer ;  the  difference  in 
the  intensity  of  the  sound  will  be  very  apparent  during  relaxa- 
tion and  tension. 

It  was  with  surprise,  therefore,  that  on  looking  through  various 
works  on  Physical  Diagnosis,  the  writer  was  unable  to  find  any 
reference  to  the  effect  of  tension  of  the  structures  upon  the 
sound-conducting  power  of  the  respiratory  organs.  Under  the 
subject  of  auscultatory  changes  in  the  voice,  which  is  the  place 
where  it  should  be  considered,  there  was  found  no  word  upon 
the  subject. 

Aa  this  paper,  besides  being  an  investigation  into  the  pheno- 
mena of  sound-conduction  through  the  lungs,  is  also  a  criticism 
on  the  existing  hypotheses  in  regard  to  the  same  phenomena,  it 
would  be  advisable  here  to  give  a  synopsis  of  the  two  chief 
theories  of  vocal  resonance. 

(1)  Laennec  held  that  the  voice  was  transmitted  through  the 
lung  by  the  walls  of  the  trachea,  bronchi  and  bronchioles,  and 
alveoli ;  and  further,  that  in  pneumonia  aud  other  conditions  in 
which  the  organs  became  denser,  the  voice  was  transmitted  better 
because  the  mass  became  more  homogeneous ;  that  is  to  say,  in 
health  the  "  tissu  rare  et  m^l6  d'air  du  poumon  "  was  a  bad  con- 
ductor {Traitdde  V auscultation  mediate,  4th  edition,  tome  L  p.  83), 
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while  in  condeiiBatioii  and  collapBe  '*  le  tissu  da  poumon,  rendu 
plus  dense,  en  devient  meilleur  conducteur  du  son  "  (ibid,,  page 

(2)  Skoda  maintained  that  the  voice  was  transmitted  down  to 
the  long  by  the  air  in  the  trachea  and  bronchi,  and  was  resonated 
('consonanz'  was  the  word  he  used)  within  these  structures. 
In  condensations  of  the  lung  this  resonance  was  increased, 
because  the  bronchi  were  surrounded  by  dense  tissue  instead  of 
the  normal  spongy  lung.  {Treatise  on  Auscultation  and  Per- 
cussion, 4th  edition,  translated  by  Markham,  1853,  page  39.) 

Of  these  two  hypotheses,  the  first  is  nowadays  the  most 
generally  received;  but  Skoda  has  many  followers.  Many 
phjaieians  find  difficulty  in  admitting  either  to  be  wholly  correct 
{vide  Walshe,  Practical  Treatise  on  Diseases  of  the  Lvmgs,  3rd 
edition,  1860,  pp.  142-164:  "there  may  be  some  property  or 
properties  of  the  substances  within  the  chest  which,  in  a  manner 
unknown  to  us,  has  great  efiect  upon  the  conduction  of  sound 
through  those  substances."  Vide  also  Pye-Smith  and  Fagge, 
Princijdes  and  Practice  of  Medicine,  3rd  edition,  1891,  voL  i. 
pL  940 :  concerning  vocal  resonance,  "  the  complete  physical 
explanation  has  not  yet  been  given  "). 

Into  the  literature  of  this  subject  it  is  not  necessary  to  enter, 
however  interesting.  A  complete  historical  description  of  the 
various  theories  and  discussions  upon  the  subject  will  be 
found  in  Niemeyer's  Handhuh  des  theoretischen  und  dinischen 
Percussion  wnd  Auscultation  vom  higtorischen  und  critischen 
Standpunkte,  1871,  zweite  Band  zweite  Abtheilung,  pp.  1-82. 
In  addition  to  this,  other  works  of  reference  are  given  at  the 
end  of  this  paper. 

There  is  no  doubt  that  Laennec's  hypothesis,  as  it  is  accepted 
nowadays,  will  be  found  to  explain  or  coincide  with  many  of 
the  phenomena  of  vocal  resonance  and  fremitus  and  the  respira- 
tory murmur,  found  in  disease,  e.g,,  in  pneumonia :  as  we  find 
increase  in  density  and  homogeneousness  of  the  lung,  so  also  we 
find  usually  increased  vocal  resonance  and  fremitus.  In  phthisis 
the  same  holds  true.  Increased  density  and  homogeneousness 
seem  to  explain  the  facts  exceedingly  well. 

But  there  is  a  class  of  cases  which  gives  ambiguous  cmd  often 
contradictory  auscultatory  signs,  which  do  not  fit  in  with  this 
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theory,  and  indeed  rather  do  tend  to  prove  its  insufficiency.  The 
signs  referred  to  are  those  which  are  met  with  in  cases  of 
pleurisy  vnth  effusion:  these  vary  considerably,  and  it  would 
perhaps  be  better  at  first  to  take  into  consideration  those  which 
are  present  in  a  typical  case ;  exceptions  may  be  discussed  later. 
In  a  typical  case,  then,  the  following  are  the  usual  signs : — 

(1)  ^gophony. — ^This  is  found,  as  Laennec  states  {Traiti  de 
rauscultation,  1837,  tome  L  page  93),  at  the  upper  margin  of  the 
effusion,  where  the  layer  of  fluid  between  the  lung  and  parietes 
is  becoming  thin. 

(2)  Over  the  remaining  portion  of  the  chest  which  covers  the 
effusion,  vocal  resonance  and  fremitus  are  greatly  diminished, 
(3)  and  over  this  area  the  respiratory  murmur  is  greatly 
diminished. 

Taking  these  signs  as  a  whole,  it  will  be  seen  that  they  are 
the  opposite  of  those  which  obtain  in  pneumonia. 

Having  briefly  considered  the  auscultatory  signs,  let  us  now 
look  at  the  pathological  conditions  of  such  a  case.  Fluid  is 
poured  out  into  the  cavity,  and  the  lung  tissue  below  the  level 
of  the  fluid  falls  in.  This  falling  in  of  the  limg  is  called  in  many 
text-books  'compression.'  Such  a  term  is,  in  part  at  least, 
wrong.  There  is  no  compression  unless  the  fluid  be  large  in 
amount.  The  lung  in  a  healthy  chest  is  a  highly  elastic  struc- 
ture, kept  constantly  in  a  state  of  considerable  tension  by  atmos- 
pheric pressure ;  and  if  gases  or  fluids  are  poured  out  into  the 
pleural  sac,  a  spontaneous  falling  in  takes  place,  and  if  sufficient 
effusion  is  present,  the  tissue  is  reduced  to  a  flabby  mass.  Should 
still  more  fluid  be  poured  out,  then  true  compression  or  carnifica- 
tion  sets  in,  as  evidenced  by  the  fact  that  the  blood  is  pressed 
out  of  the  tissue. 

It  is  further  to  be  remembered  that  the  normal  organs,  as 
found  at  the  post-mortem  table  of  the  hospital,  are  not  in  a  state 
of  complete  relaxation,  because  plugs  collect  in  the  bronchi  and 
bronchioles,  and  prevent  the  elastic  tissue  from  fully  expelling 
the  air  in  the  alveoli 

Even  if  the  thorax  be  opened  inmiediately  after  death,  the 
elasticity  of  the  organs  is  not  quite  satisfied,  because  in  life  the 
'*  contractile  force  of  the  involuntary  fibres  of  the  bronchi  come 
into  play ;  hence  the  force  for  expelling  air  is  greater  than  after 
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death"  (M'Kendrick,  Text^iock  of  Physiology,  1889,  vol.  iL 
p.  305)l 

Lichtheim  has  proved  that  the  elasticity  of  the  lung  does  not 
become  exhausted  until  the  alveoli  are  completely  emptied  of  all 
their  gaseous  contents.  (Fagge  and  Fjre-Smith's  Principles  and 
Practice  of  Medicine,  1891,  pp.  959  and  1021.) 

During  this  process  of  collapse,  it  is  self-evident  that  as  the 
elasticity  of  the  lung  is  being  exhausted,  the  density  of  the  organ 
is  being  increased.  From  this,  if  Laennec's  hypothesis  were  true, 
we  would  expect  the  intensity  of  the  vocal  resonance  to  be 
increased  in  pleurisy.  As  a  matter  of  fact,  the  opposite  is  the 
case :  the  voice  is  conducted  very  much  worse  than  in  health, 
except  at  the  upper  margin  of  the  fluid,  where  it  is  generally 
rather  increased  in  intensity. 

In  order  to  explain  this  anomaly,  physicians  have  brought  in 
another  factor,  viz,,  the  interposition  of  a  layer  of  fluid  between 
the  lung  and  the  chest  wall  In  other  words,  if  we  could  place 
the  stethoscope  upon  the  collapsed  lung  itself,  we  would  find  a 
considerable  increase  in  the  vocal  resonance,  because  the  lung  is 
more  dense  and  homogeneous.  The  layer  of  fluid,  however,  stops 
the  transmission  of  the  sound.  There  are  two  ways  of  account- 
ing for  this  loss,  to  be  found  in  text-books : — 

(1)  That  the  sound  is  stopped  in  the  fluid  itself. 

(2)  That  the  loss  occurs  not  in  the  fluid  itself,  but  at  the 
points  of  transmission  from  the  solid  lung  to  the  fluid,  and  again 
from  the  fluid  to  the  thoracic  parietes. 

Of  these,  of  course,  the  first  is  acoustically  absurd ;  pleuritic 
fluid  being,  like  other  liquids,  among  the  best  conductors  of 
dound  which  exist.  This  explanation,  therefore,  may  be  cast 
aside  altogether. 

The  second  explanation  is  based  upon  more  accurate  acous* 
tical  truth ;  but  even  in  this  case  it  is  not  very  difiGicult  to  show 
its  weak  points.  The  following  considerations  will  show  the 
insnfflciency  of  the  theory  : — 

(1)  Towards  the  upper  margin  of  the  fluid,  where  the  layer  of 
it  is  only  about  half  an  inch  thick,  the  vocal  resonance,  in  the 
form  of  segophony,  is  usually  considerably  more  intense  than 
the  normal,  while  lower  down  it  is  very  much  less  so.  Yet 
there  is  just  as  much  loss  of  sound  by  transmission  from  solid  to 
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liquid,  and  vice  versa,  as  lower  down.    This  is  a  very  serious 
objection  to  the  hypothesis. 

(2)  On  referring  to  the  clinical  experiments  with  the  tuning- 
fork  upon  patients  suffering  from  pleurisy  with  effusion  (page 
203),  it  will  be  seen  that  if  the  fork  were  placed  upon  the  laiynx 
the  sound  was  transmitted  with  less  intensity  through  the 
diseased  side,  just  as  the  voice  is ;  but  if  the  instrument  were 
placed  upon  the  sternum,  just  above  the  ensiform  cartilage,  the 
sound  was  heard  best  over  the  diseased  side.  In  this  latter  case, 
then,  the  sound  was  not  diminished  by  the  intervention  of  a 
layer  of  fluid,  so  much  as  by  the  healthy  lung  on  the  other  side 
(the  bone  transmission  on  both  sides  being,  of  course,  equal). 

(3)  It  is  found  that  in  cases  of  tumour  of  the  lung  the  vocal 
resonance  is  generally  feebler  on  the  diseased  side  than  upon  the 
healthy  one,  even  when  there  is  no  fluid  in  the  chest:  the 
explanation  completely  falls  to  the  ground  in  this  case. 

The  truth  of  the  matter  is,  that  this  explanation  of  loss  of 
vocal  resonance  in  pleurisy  was  never  needed:  it  was  only 
brought  in  to  buttress  up  a  theory  which  is  wrong,  viz.,  that 
collapsed  lung  was  a  better  conductor  of  sound  than  the  healthy 
organ. 

The  falseness  of  this  theory  was  proved  long  since  by  Skoda. 
The  writer  has  also  satisfied  himself  definitely  upon  this  point 
by  experiment  (page  204).  Now,  there  being  no  doubt  about  the 
fact  that  collapsed  lungs  are  worse  conductors  than  those  in  the 
distended  condition,  the  real  truth  of  the  cause  of  diminution  of 
vocal  resonance  is  plain  enough,  viz.,  the  sound  is  lost  in  the  lung 
itself,  and  not  by  transmission  through  a  layer  of  fluid. 

The  writer  does  not  mean  to  insinuate  that  there  is  absolutely 
no  loss  in  this  transmission  ;  on  the  contrary,  there  certainly  is, 
just  as  there  is  loss  in  transmission  from  any  substance,  solid, 
liquid,  or  gaseous,  to  another  substance.  What  he  wishes  to 
lay  stress  upon  is,  that  this  loss  by  transmission  is  not 
sufficient  to  account  for  the  great  diminution  of  vocal  resonance 
and  fremitus  in  the  particular  case  of  pleurisy  with  effusion, 
especially  as,  according  to  the  present  theory,  the  sound  reaches 
the  visceral  pleura  with  considerably  greater  intensity  than 
normally. 

The  writer's  explanation  of  the  auscultatoiy  vocal  phenomena 
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f ormd  in  typical  cases  of  pleurisy  with  effosion  is  as  follows : — 
The  collapsed  portion  of  the  lung  is  a  worse  conductor  of  sound 
than  the  healthy  part  because  its  tension  is  relaxed,  and  this 
accounts  for  the  diminution  of  vocal  resonance  and  fremitus 
over  the  greater  part  of  the  area  which  is  dull  to  percussion. 
Bat  at  the  upper  margin  of  the  efiuaion  there  may  be  several 
rows  of  infundibula  which  have  not  yet  undeigone  collapse  and 
are  still  tense,  hence  the  sound  is  not  diminished  over  that  area : 
the  reason  why  it  is  so  often  increased  in  the  form  of  segophony 
is,  that  certain  elements  of  the  voice  undergo  true  resonance ; 
bat  this  will  be  discussed  at  a  later  page. 

Concerning  the  very  poor  sound-conducting  power  of  coUapsed 
lang,  the  following  experiments  are  of  practical  value : — 

A  collapsed  sheep's  lung  was  obtained  from  the  butcher,  and 
a  small  block  of  wood  tied  into  the  trachea.  A  mass  of  the  lung 
parenchyma  distant  from  the  trachea  was  tied  tightly  round 
with  string,  the  two  ends  of  the  string  being  again  tied  round 
the  stem  of  a  stethoscope. 

A  tuning-fork  was  struck,  and  held  on  the  block  of  wood  by 
an  assistant  If  the  stethoscope  were  applied  to  the  ear  iu  such 
a  way  that  there  was  little  or  no  tension  upon  the  lung 
structares,  the  sound  was  heard  very  feebly ;  but  if  the  tension 
upon  these  organs  were  increased  by  dragging  them  away  from 
the  stethoscope,  at  once  the  intensity  of  the  sound  became  very 
much  increased 

This  experiment  may  be  modified  in  various  ways ;  e.g.,  instead 
of  using  string  to  connect  the  stethoscope  and  lung,  the  instru- 
ment may  be  applied  directly  to  the  tissue,  and  the  tension  of 
the  latter  be  increased  and  diminished  alternately  by  dragging 
on  it  by  the  hand ;  the  sound  is  observed  to  vary  in  intensity 
directly  with  the  tension. 

Similarly,  if,  instead  of  placing  the  tuning-fork  upon  the 
trachea,  it  be  applied  to  any  part  of  the  organ  while  the 
stethoscope  is  placed  at  some  distance,  exactly  the  same 
phenomena  are  noticed:  with  increased  tension  there  is 
always  greatly  increased  sound-conducting  power. 

These  experiments  teach  us  one  fact  of  the  utmost  importance, 
which  is  this : — 

The  soundrConductiTtg  powers  of  the  luLiigs  may  vary  erwrmoudy 
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wUh  changes  in  the  temian^  and  without  any  changes  in  density 
or  resonating  or  reinfardng  poioer. 

Summing  up  the  matter  on  tbe  foregoing  pages  in  relation  to 
pleurisy  with  effusion,  it  would  seem  that  we  are  justified  in 
making  the  following  statements : — 

(1)  The  loss  or  diminution  of  vocal  resonance  and  vocal 
fremitus  over  the  site  of  a  pleuritic  effusion  is  due  to  the  collapse 
of  the  lung  which  ensues,  and  not,  or  only  in  the  slightest  degree, 
to  the  intervention  of  a  layer  of  fluid. 

(2)  The  presence  of  undiminished  vocal  resonance  at  the 
upper  margin  of  the  fluid  may  be  accounted  for  by  supposing 
that  a  small  area  of  distended  lung  tissue  is  present  at  this  part. 
The  fact  of  the  increased  vocal  phenomena  here  will  be 
explained  under  the  heading  iEllgophony. 

(3)  If  adhesions  be  present  in  a  case  of  pleurisy  with  effusion, 
and  if  these  adhesions  render  the  collapsed  tissue  tense,  there 
will  be  no  diminution  of  the  auscultatory  vocal  signs,  and  these 
may  even  be  increased  in  intensity.  This  statement  coincides 
with  a  practical  point,  viz.,  that  many  skilful  physicians,  when 
about  to  puncture  the  chest  in  cases  of  pleurisy,  will  avoid 
entering  the  trocliar  at  a  point  where  the  vocal  signs  are 
imdiminished  or  increased,  because  they  know  that  probably 
enough  solid  tissue  will  be  encountered,  and  not  the  fluid.  Un- 
fortunately, however,  adhesions  do  not  always  cause  increased 
tension. 

An  instructive  method  of  showing  how  adhesions  may  render 
the  lung  structures  tense,  is  to  take  a  lung  to  which  adhesions 
are  attached,  from  the  thorax  in  the  post-mortem  room,  and 
make  a  cut  through  the  adhesion  and  into  the  lung  parallel 
with  bronchioles  and  bronchi.  On  dragging  the  adhesion  gently 
outwards,  the  bronchioles  and  smaller  bronchi  will  at  once  stand 
out  as  tense  bands. 

(4)  To  generalise  from  the  case  of  pleurisy:  if  other  sub- 
stances than  fluids  occur  in  the  pleural  cavity  or  the  lung 
parenchyma,  similar  vocal  signs  are  present ;  e.g,^  solid  growths, 
by  occupying  space  in  the  thorax,  allow  the  tissues  to  collapse, 
either  directly  by  their  bulk,  or  indirectly  by  obstructing  a 
bronchus. 
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In  these  cases,  also,  vocal  resonance  and  fremitus  will  be 
diminished  unless  the  growth,  besides  producing  collapse,  also 
causes  tension  of  the  structures:  under  such  conditions,  the  auscul- 
tatory signs  of  the  voice  may  be  undiminished,  or  even  increased. 

Needless  to  say,  the  remarks  above  apply  to  empyema  and 
pneumothorax  as  well  as  pleurisy. 

Having  considered  the  subject  of  sound-conduction  through 
the  lung  in  the  case  of  pleurisy  and  analogous  conditions,  let  us 
go  forward  and  consider  the  same  subject  in  relation  to 
pneumonia. 

Pneumonia. 

Pursuing  a  different  course  from  that  taken  up  in  the  con- 
sideration of  pleurisy,  the  physical  pathological  conditions  will 
first  be  briefly  epitomised 

In  the  first  stage — EngorgemenU. — "  The  lung  is  of  a  dark  red 
colour,  the  capillaries  being  highly  injected  To  the  touch  it  is 
inelastic,  and  on  pressure  leaves  a  pit  behind.  Though  heavier 
than  normal,  the  diseased  portion  still  floats  in  water  and 
contains  a  little  air." 

Second  stage — Red  hqpaiisaiion. — ^  The  lung  parenchyma  is 

little  altered It  (the  lung)  is  now  much  firmer  and 

heavier,  does  not  crepitate,  and  sinks   in  water.    Even    on 
external  examination  the  affected  part  looks  bulky." 

Third  stage — Grey  Jiepatisation, — "  The  affected  part  becomes 
grey.  It  retains  the  firm  character  and  granular  appearance  of 
the  previous  stage." 

Last  stage — Resolution. — "  The  lung  is  still  solid,  and  sinks  in 
water,  but  its  firmness  is  gone."  (Quoted  from  Goats,  Manual  of 
Pathology,  1883,  pp.  531-535.) 

The  auscultatory  signs  of  pneumonia  are  as  follows : — 

1st  stage — JEngorgemerU. — *'  Pneumonic  crepitation  is  present." 

2'nd  stage — HepatisaJtion. — "Dulness  on  percussion,  bronchial 
breathing,  and  bronchophony,  with  increased  tactile  vibration, 
are  developed." 

3rd  stage — Resolution. — *'  The  peculiar  auscultatory  signs  dis- 
appear, and  are  commonly  replaced  by  r&les.  The  percussion 
note  may  remain  long  deficient."  (Pye-Smith  and  Fagge's 
PHndples  and  Practice  of  Medicine,  1891,  vol.  i.  p.  989.) 
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It  will  be  observed  that  the  stages  of  red  and  grey  hepatisa- 
tion  are  put  under  one  heading  in  the  clinical  description. 

Comparing  the  pathological  and  clinical  descriptions  given 
above,  it  is  difficult  to  see  in  what  way  the  accepted  theory  of 
increased  density  compUtdy  explains  the  auscultatory  changes. 

In  the  first  stage,  for  instance,  there  is  undoubtedly  increase 
in  density  of  the  lung  tissue,  yet  the  vocal  resonance  remains 
unchanged.  But  let  this  point  be  waived,  as  cases  seldom  come 
under  accurate  observation  so  early. 

In  the  second  stage,  in  typical  cases,  the  vocal  signs  are 
explicable  by  the  commonly  accepted  hypothesis.  But,  as  will  be 
shown  later,  there  are  undoubted  cases  of  pneumonia,  where  the 
auscultatory  changes  in  the  voice  are  incompatible  with  that 
theory. 

-  -.It  is  in  the  last  stage — resolution — where  this  theory  falls  to 
the  ground ;  because  it  is  found  at  this  stage  the  increased  vocal 
resonance  and  fremitus  pass  rapidly  away,  while  there  is  still 
dvlness  on  percussion.  Now,  how  can  this  be  the  case  if  the 
increase  of  vocal  resonance,  etc.,  depends  upon  increase  of 
density  ?  We  would  expect  the  former  to  pass  gradually  away 
as  the  density  diminished  and  percussion  became  normal  again. 
In  works  on  Physical  Diagnosis,  the  writer  has  not  found  any 
explanation  of  these  facts. 

Thus  we  find  that  even  in  cases  of  pneumonia  where  the 
auscultatory  signs  are  typical^  the  theory  of  **  increased  density, 
hence  increased  vocal  resonance  and  fremitus,"  does  not  quite 
explain  them. 

But  there  are  other  cases  of  pneumonia,  pure  and  simple,  in 
which  we  find  diminution  of  the  vocal  phenomena.  In  most  of 
such  cases  the  increased  intensity  of  the  voice,  which  we  would 
naturally  expect,  may  actually  be  developed  by  telling  the  patient 
to  take  a  deep  breath  or  give  a  cough,  but  in  a  few  cases  even 
this  does  not  succeed  in  bringing  it  out. 

These  abnormal  cases  formed  a  weak  spot  in  Laennec's 
hypothesis,  and  Skoda  took  full  advantage  of  them  in  order  to 
strengthen  his  '  consonanz-theorie.'  All  the  upholders  of  the 
former  doctrine  have  never  explained  the  facts,  though  assertions 
on  the  subject  have  been  plentiful  and  strong.  One  attempt  at 
explanation  was,  that  in  these  cases  there  were  islets  of  un- 
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solidified  long  tissue.  This  is  unworthy  of  consideration ;  because 
if  that  were  so,  why  is  it  that  by  a  cough  or  deep  breath  the 
phenomena  may  be  developed  ? 

As  is  well  known,  this  loss  or  diminution  of  vocal  resonance  may 
occur  if  the  patient  lie  for  a  long  time  in  the  recumbent  posture 
quietly.  It  also  occurs  if  a  plug  of  mucus  obstructs  a  bronchus, 
but  disappears  when  that  is  removed  (Skoda,  op,  eU,^  p.  277). 

These  cases  of  pneumonia  with  diminution  of  the  auscultatory 
signs  formed  one  of  Skoda's  most  important  arguments  against 
Laennec's  hypothesis,  and  in  favour  of  his  own ;  so  that  this 
offers  a  favourable  opportunity  for  examining  Skoda's '  consonanz* 
theorie.' 

Shortly  stated,  Skoda's  view  of  vocal  resonance  was,  that  the 
Yoice  was  conducted  downwards  by  the  air  in  the  trachea  and 
bronchial  tubes,  and  resonated  in  those  cavities,  the  sound  being, 
transmitted  to  the  solid  tissues  further  down.  In  pneumonia, 
phthisis,  and  other  consolidations,  the  walls  of  the  bronchi  being 
surrounded  by  dense  tissue,  became  better  resonators  than  in 
health. 

In  the  discussion  which  followed  the  publication  of  Skoda's 

great  work,  he  seems  to  have  been  misunderstood.    Some  of  his 

opponents  thought  him  to  mean  that  the  trachea  and  bronchi 

responded  to  certain  notes  in  the  human  voice  because  their 

vibration-periods  were  isochronous.    Whether  Skoda  meant  this 

by  the  word  *  consonanz '  or  not,  he  certainly  did  not  mean  that 

alone,  but  included  in  the  term  all  those  reinforcements  of  sound 

which  occur  when  a  note  is  sounded  in  the  vicinity  of  any  rigid 

or  elastic  surface,  especially  if  the  surface  inclose  a  space. 

Looked  at  from  this  point  of  view,  Skoda  appears  to  have  been 

quite  justified  in  assuming  that  the  trachea  and  bronchi  would 

form  sounding-boards,  so  to  speak,  because  of  their  ccurtilaginous 

linga.    But  where  he  erred,  was  in  assuming  that  the  bronchi 

became  better  resounders  when  they  were  surrounded  with  deuse 

lung  tissue.    It  is  not  the  density  of  a  substance  so  much  as  its 

rigidity  and  elasticity  that  make  it  valuable  for  the  purpose  of 

reinforcing  sound;  e.^.,  lead,  clay,  or  putty  would  make  poor 

resonating  substances  in  spite  of  their  great  density,  while  wood, 

light  as  it  is,  makes  one  of  the  best  resonators  possible  (Stone, 

Elementary  Lessoris  on  Sound,  1879,  p.  66). 
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Illustrations  of  this  fact  are  not  uncommon  in  nature ;  e^,y 
when  travelling  in  railway  trains  it  is  much  pleasanter,  so  far  as 
the  ear  is  concerned,  to  run  through  a  cutting  made  through 
clay  than  through  rock,  because  of  the  great  rigidity  of  the 
latter  substance.  That  part  of  the  Midland  Sailway  between 
Appleby  and  Hellifield  is  rich  in  such  illustrations,  probably 
owing  to  the  presence  of  the  Millstone  Grit. 

TSo  doubt  the  difficulty  of  transmitting  sound  from  air  to  a  solid 
body  does  increase  with  the  density  of  that  body,  other  things 
being  equal ;  but  that  does  not  prove  that  such  a  body  will 
throw  the  sound  back  better  than  another  substance  of  less 
density :  as  a  matter  of  fact,  it  will  not  throw  it  back  so  well  if 
the  modulus  of  elasticity  of  the  lighter  substance  be  greater  than 
that  of  the  denser.  Now,  it  will  hardly  be  admitted  that  if  a 
bronchial  tube  be  surrounded  with  hepatised  or  collapsed  lung, 
its  modulus  of  elasticity  will  be  increased.  We  would  expect 
that  its  elasticity  would,  if  anything,  be  lessened. 

But  there  is  a  very  much  more  serious  objection  to  Skoda's 
theory  than  that  stated  above.  Even  allowing  that  the  air  in 
the  bronchial  tubes  did  resonate  better  when  the  tube  was 
surrounded  by  the  dense  lung,  the  sound  has  finally  to  be 
transmitted  to  the  lung  parenchyma.  Now,  in  health  this 
parenchyma  is  composed  of  light  stretched  membranes,  com- 
paratively easily  set  in  vibration  by  a  sound  occurring  in  the  air 
around  them.  In  pneumonia  or  phthisis,  on  the  other  hand, 
the  structure  is  a  dense  solid  mass,  which,  though  easily  set  in 
vibration  by  a  sound  reaching  it  through  solid  tissue,  would  be 
extremely  difficult  to  set  vibrating  by  a  sound  reaching  it  from 
the  air.  So  that,  even  if  Skoda  were  right  in  assuming  that  in 
consolidation  the  voice  in  the  tubes  was  resonated  more  strongly 
in  the  gaseous  medium,  this  increase  would  be  very  greatly 
diminished  in  subsequent  transmission  to  the  condensed  lung, 
and  we  would  have  diminution  of  vocal  resonance  and  fremitus 
in  pneumonia. 

No  doubt,  one  of  the  reasons  why  Skoda's  hypothesis  took 
such  firm  hold  was,  that  it  explained  these  cases  of  pneumonia 
in  which  there  was  diminution  of  vocal  resonance  and  fremitus, 
and  which  Laennec's  theory,  as  accepted  at  the  present  time, 
certainly  does  not.    In  the  following  pages  the  writer  will  offer 
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an  explanation  of  such  cases  withont  the  necessity  of  admittii^ 
the  '  consoiianz-theorie,'  which  does  not  appear  to  he  based 
upon  sound  acoustical  fact 

Before  leaving  the  subject  of  Skoda's  theory,  the  writer  would 
like  to  point  out  one  tact  that  still  further  cast  doubt  upon  its 
correctness.  In  cases  of  pneumonia  or  phthisis  of  the  left  lung, 
it  is  well  known  that  the  heart's  sounds  aie  much  better 
conducted  than  during  health.  In  this  case  there  can  be  no 
question  of  resonance,  because  the  sound  is  not  even  generated 
in  a  gaseous  medium,  and  yet  it  is  better  conducted  than  in 
health.  Skoda  asserted  that  htpaiised  lung  was  a  worse  con- 
ductor of  sound  than  healthy  lung,  and  this  fact  proves  him  to 
have  been  wrong :  had  he  merely  said  that  the  eoUapsed  organ 
was  a  worse  conductor  than  the  sound  one,  then  he  would  have 
been  right. 

Seeing,  then,  that  the  theory  of  auscultation,  as  at  present 
accepted,  fails  to  explain  many  of  the  facts  met  with  in 
pneumonia,  and  that  Skoda's  hypothesis  is  acoustically  in- 
correct, it  remains  to  find  out  how  these  signs  may  be  accounted 
for. 

Take,  first  of  all,  a  case  of  pneumonia  in  which  the  Eigns  are 
typical,  that  is  to  say,  increase  in  iutensity  of  the  vocal  resonance 
and  fremitus.    Let  it  be  noted,  in  the  first  place,  that  the  elastic 
structures  of  the  lung  are  not  at  all  destroyed,  either  in  the 
alveoli,  bronchioles,  or  bronchi    Another  important  fact  is,  that 
when  pneumonia  attacks  a  lung,  the  chest  on  that  side  is 
expanded  to  the  position  of  deep  inspiration :  this  is  proved  by 
the  cyrtometer  (Gee,  Atiscultaimri  and    Percussion,  1893,  p. 
238).    It  follows  from  this  that  the  lung  structures  of  the 
affected  part  must  be  in  a  state  of  tension  greater  than  normal, 
because  the  parietal  and  visceral  pleura  are  in  contact    This 
increase  of  tension  refers  not  only,  or  indeed  chiefly,  to  the 
alveoli,  but  also  to  the  bronchioles  and  bronchi    So  that  the 
path  for  transmission  of  the  voice  to  the  parietes  is  in  a  better 
condition  for  transmitting  sound  to  the  stethoscope  than  in  the 
healthy  condition.    This  alone  would  cause  increase  of    the 
intensity  of  the  vocal  resonance  and  fremitus,  as  was  proved  on 
p^e  203. 

But  this  is  not  all.    In  health  the  alveoli  contain  air,  so  that 
VOL.  XXXI.  (n.s.  vol.  XI.)  p 
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vibrations  occurring  in  the  solid  walls  of  these  structures  will 
only  to  a  slight  extent  be  conveyed  to  this  gaseous  medium. 

In  pneumonia,  on  the  other  hand,  the  sounds  conducted  down- 
wards in  the  wallu  of  the  respiratory  tract  will,  when  they 
reach  the  alveoli,  find  a  substance  (exudation)  of  nearly  the 
same  density,  and  vibrations  will  readily  pass  from  one  to  the 
other.  This  will  be  particularly  true  when  it  is  remembered 
that  the  alveoli  offer  a  large  surface  to  any  substance  contained 
within  their  walls. 

From  this  we  see  that  not  only  does  the  voice  reach  the  alveoli 
in  pneumonia  with  greater  intensity  than  in  health,  but  when  it 
does  get  there  a  much  larger  mass  is  set  into  vibration,  and 
these  vibrations  will  easily  be  transmitted  to  the  parietes  and 
the  stethoscope. 

Leaving  those  cases  of  the  disease  in  which  the  vocal 
resonance  and  fremitus  are  typical  of  the  condition,  let  us 
consider  those  in  which  these  signs  are  diminished  in  intensity, 
and  see  if  there  be  any  way  of  accounting  for  this  diminution, 
other  than  Skoda's. 

Gairdner  has  shown  that  in  bronchitis,  collapse  of  the  lung 
occurs  if  a  bronchus  be  obstructed  by  a  plug  of  mucus,  this 
being  due  to  the  ball-valve-like  action  of  the  plug:  during 
expiration,  air  escapes  from  the  alveoli,  bronchioles,  and  bronchi 
below  the  site  of  the  plug,  but  cannot  get  back  during 
inspiration. 

lichtheim  has  further  shown  that  collapse  follows  the 
obstruction  of  a  bronchus,  even  when  air  does  not  escape  during 
expiration.  (Prin'dples  and  Practice  of  Medicine,  Fagge  and 
PyeSmith,  1891,  vol.  i.  p.  959.) 

If  this  be  true  in  bronchitis,  it  is  plain  that  there  will  be  an 
attempt  to  bring  about  a  similar  state  of  affairs  in  pneumonia 
if  a  plug  obstruct  the  bronchus. 

In  pneumonia,  however,  there  is  this  difference,  that  as  soon 
as  the  air  became  expelled  from  the  bronchi  and  bronchioles, 
there  would  be  none  left,  the  alveoli  being  filled  with  exudation ; 
a  partial  vacuum,  actual  or  potential,  would  thus  exist  in  the 
tubes;  there  is  therefore  no  doubt  that  an  attempt  would  be 
made  by  the  exudation  to  leave  the  alveoli  and  pass  iuto  the 
bronchioles  and  bronchi,  it  being  greatly  assisted  in  this  by  the 
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vis  a  tergo  of  ihe  elastic  fibres  of  the  parenchTma  (^for  it  musl  be 
noted  that  these  stractuies  are  unaffected  in  pKumoniaX  The 
question  arises  whedier  it  ivoold  be  possible  for  a  sabstance  sodi 
as  the  exudation  of  pneumonia  to  be  squeeaed  oat  of  the  alvec-li 
in  sufficient  quantity  to  allow  relaxation  of  tfadr  mdls.  In 
the  writer's  opinion,  it  would  be  possible  to  a  certain  extent. 
No  doubt  the  exudation  is  very  tough  and  gelatinous,  still  Terr 
riscid  substances  may  sometimes  be  made  to  flow  thiungh 
somewhat  thin  tubes  to  fill  a  Yacuum.  Besides^  there  is  no 
question  that  the  exudation  does  escape  from  the  alreoli  in 
every  case  of  pneumonia  to  a  certain  extent,  because  it  is  found 
colouring  the  sputum  even  long  before  liquefaction  and  resolu- 
tion  of  the  inflammatory  products  has  occurred.  And  again,  we 
know  that  on  the  post-mortem  table  the  branchides  and  finer 
bronchial  tubes  "  are  generally  found  to  contain  fine  casts  of  soft 
fibrine,  as  if  the  exudation  has  overflowed  from  the  alveoli  into 
them "  (Coats'  Manwd  of  Pathokgy,  1883,  pi  534X  Thus  it  is 
evident  that  the  alveoli  will  collapse  with  the  extrusion  of  the 
exudation  from  their  cavitie& 

But  there  is  another  form  of  relaxation  of  the  lung  structures 
which  will  take  place  without  assuming  the  exodus  of  the 
exudation  from  the  alveoli  During  health  or  in  ordinary  cases 
of  pneumonia,  the  bronchi,  bronchioles,  and  alveoli  are  kept  in  a 
state  of  tension  by  the  atmospheric  pressure.  But  if  a  bronchus 
become  obstructed  by  a  plug  of  mucus,  then  the  pressure,  keeping 
all  the  bronchi,  bronchioles,  and  alveoli  in  a  state  of  tension,  is 
in  abeyance. 

As  a  result  of  this,  all  these  structures  will  attempt  to  satisfy 
their  elasticity  and  become  relaxed  If  the  alveoli  are  unable 
to  drive  the  secretion  out  from  their  cavities,  then  they  will 
remain  tense,  but  the  bronchioles  aud  bronchi  will  certainly 
assert  their  elasticity  and  draw  the  lung  in  en  masse,  thus 
beconung  relaxed.  This  relaxation  of  the  tensicm  in  the  walls 
of  the  tubes  must,  of  course,  be  followed  by  a  great  diminution 
in  their  power  of  conducting  sound;  and  as  a  result,  a  loss 
instead  of  an  increase  of  vocal  resonance  and  fremitus  will 
occur. 

Which  of  these  two  explanations  of  the  loss  of  vocal 
resonance  in  cases  of  plugging  of  a  bronchus,  is  the  correct  one, 
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it  is  difficult  to  say,  and  the  answer  will  depend  upon  the  extent 
to  which  the  exudation  may  be  driven  out  of  the  alveoli.  In 
the  writer's  opinion,  both  processes  may  occur, — ^relaxation  of  the 
wallB  of  the  alveoli,  and  also  of  the  bronchioles  and  bronchi :  as 
will  be  seen  in  the  case  of  chronic  bronchitis,  both  processes  do 
occur  under  the  same  conditions  (page  229). 

But  there  are  cases  of  pneumonia  in  which  diminution  of  the 
vocal  signs  takes  place  without  the  occurrence  of  obstruction  of 
a  bronchus  by  a  plug.  If  a  patient  with  pneumonia  lie  quietly 
for  some  time  in  the  recumbent  posture,  and  without  coughing, 
tt  diminution  in  the  intensity  of  the  thoracic  voice  is  often 
noticed ;  but  this  loss  can  generally  be  made  to  disappear,  and 
be  replaced  by  increased  intensity,  if  the  patient  be  told  to  give 
a  cough  or  take  a  deep  breath.  Even  in  the  limited  experience 
of  the  writer,  such  a  case  occurred. 

It  must  be  admitted  that  it  is  not  every  case  of  pneumonia 
that  can  be  made  to  demonstrate  the  above  phenomena,  but  only 
occasional  ones.  Such  abnormal  cases  may  be  explained  in  the 
following  way : — 

Duriug  health  the  lung  is  kept  in  its  normal  teusion  by  the 
pressure  of  the  air  on  the  surface  of  the  alveoli ;  and  while  the 
organ  is  healthy  this  pressure  is  far  more  than  suificient,  being 
a  much  stronger  force  than  the  elasticity  of  the  alveoli,  bron- 
chioles, and  bronchi,  which  is  continually  attempting  to  produce 
collapse  of  the  organ.  Thus  all  the  structures  of  the  respiratory 
organs  are  kept  in  a  continual  state  of  tension,  varying  during 
expiration  and  inspiration.  When  the  alveoli  become  filled 
with  exudation,  it  is  plain  that  the  atmospheric  pressure  keeping 
the  organs  tense  must  be  very  much  less  than  in  health,  because 
the  area  on  which  that  pressure  is  exerted  is  much  less ;  in  fact, 
the  pressure  is  now  represented  by  the  sum  of  the  transverse 
areas  of  the  bronchioles  at  which  the  effusion  ceases,  which  is  a 
very  much  smaller  surface  than  the  sum  of  the  areas  of  the 
corresponding  alveoli.  This  pressure  in  ordinary  cases  of  pneu- 
monia is,  however,  still  sufficient  to  keep  the  lung  in  its  state  of 
tension,  especially  if  strong  respiratory  efforts  or  violent  cough- 
ing occur.  But  it  needs  no  very  great  step  of  the  imagination 
to  conceive  that  during  a  period  of  quiet  respiration  in  the 
recumbent  posture  this  state  of  matters  might  become  altered ; 
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especially  as  the  natural  elasticity  of  the  thoracic  parietes 
would  to  a  certain  extent  help  the  elasticity  of  the  lungs  them- 
selves in  their  progress  towards  relaxation,  and  the  driving  of  the 
secretion  from  the  infuudibula  and  bronchioles  further  upwards 
into  the  bronchi.  Again,  it  must  be  noted  that  the  further  up 
the  bronchi  the  secretion  extends,  the  less  does  the  atmospheric 
pressure  amount  to,  because  the  transverse  areas  of  a  bronchus 
is  less  than  the  sum  of  the  transverse  areas  of  the  smaller  bronchi 
in  connection  with  that  bronchus.  Tims,  the  further  up  the 
tubes  the  secretion  extends,  the  more  relaxed  may  the  bronchial 
and  pulmonary  structures  become,  and  produce  a  diminution  in 
the  intensity  of  the  vocal  resonance  and  fremitus.  (See  note, 
later.) 

If,  however,  the  patient  gives  a  cough  and  drives  the  secre- 
tions out  of  the  tubes  and  expectorates  it,  or  if  he  takes  a  deep 
breath  and  sucks  it  back,  it  is  easy  to  see  that  at  once  the 
tension  will  again  be  raised  to  the  normal  or  above  it,  and  hence 
an  increase  in  the  vocal  signs  will  be  perceived  in  accordance 
with  the  explanation  on  page  218. 

It  appears  to  the  writer  that  the  explanation  given  above 
accounts  for  the  changes  in  vocal  resonance  and  fremitus  occur- 
ring in  pneumonia.  It  accounts  for  those  cases  where  there  is 
diminution  in  the  intensity  of  these  sounds,  which  Laennec's 
hypothesis  certainly  does  not :  not  only  so,  but  it  enables  us  to 
dispense  with  Skoda's  theory,  which  is  acoustically  wrong. 

Thus  it  will  be  seen  that  the  writer  agrees  with  the  usually 
accepted  theory  to  this  extent,  that  if  the  alveoli  become  filled 
with  semifluid  or  solid  substance,  as  occurs  in  pneumonia  and 
phthisis,  and  the  other  factors  remain  unchanged,  there  will  be 
an  increase  in  the  intensity  of  the  auscultatory  signs.  But  a 
most  important  condition  is  attached  thereto,  viz.,  that  the 
tension  on  the  alveolar  walls,  bronchioles,  and  bronchi  must 
either  be  maintained  or  increased :  if  relaxation  of  any  of  these 
structures  sets  in,  then  diminution  of  the  vocal  resonance  and 
fremitus  occurs. 

Phthisis  Pvlvwnalis, 

To  a  certain  extent  the  pathological  process  in  this  disease 
produces  a    condition    somewhat    similar    physically  to   that 
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occurring  in  pneumonia.  The  inflammatory  products  collect  in 
the  bronchioles  and  alveoli  as  they  do  in  pneumonia ;  there  is 
no  collapse  of  the  structures,  and  the  elastic  fibres  show  a  great 
power  of  resisting  the  destructive  process;  but  besides  this, 
there  is  produced  a  certain  amount  of  thickening  and  induration 
of  the  walls  of  the  alveoli  and  bronchi 

In  the  fibroid  form  of  the  disease  the  walls  of  the  bronchi 
are  chiefly  affected,  ''the  inflammatory  products  going  on  to 
the  formation  of  dense  connective  tissue.  Trabecule  of  firm 
tissue  pass  in  from  the  thickened  pleura,  and  run  inwards  to* 
wards  the  root  of  the  lung.  Compensatory  emphysema  occurs 
in  parts,  for  by  the  tension  and  contradion  of  the  connective 
tissue  some  alveoli  are  destroyed,  and  others  dilate  to  fill  up  the 
space"  (Coats,  op.  cU,,  p.  550). 

In  both  caseous  and  fibroid  forms  pleuritic  adhesions  occur, 
and  drag  in  the  wall  of  the  thorax,  produciug  the  flattening  of 
the  apex  so  marked  in  this  disease ;  the  new-formed  tiuBsue  also 
drags  out  the  bronchial  wall  (Coats,  he.  cit.,  p.  551). 

As  the  caseous  form  goes  on  to  liquefaction,  the  resulting 
products  are  expectorated  and  a  cavity  is  formed ;  the  walls  of 
the  cavity  being  still  in  a  state  of  condensation,  and  their  alveoli 
filled  with  the  inflammatory  products  of  the  disease. 

Turning  to  the  physical  conditions  present,  it  will  be  seen 
that  there  is  no  collapse  of  the  lung  structures,  but  there  is 
increased  density.  As  regards  tension,  it  will  be  seen  that  this 
is  not  increased  as  far  as  the  normal  tissues  of  the  organ  are 
concerned.  But  in  phthisis  we  have  to  deal  with  structures 
other  than  the  normal  ones,  viz.,  those  that  result  from  the 
organisation  of  the  inflammatory  products.  As  was  noted  under 
the  pathological  conditions,  the  connective  tissue  new  formed  is 
often  in  a  state  of  great  tension,  so  much  so  that  it  is  able  to 
drag  the  thoracic  walls  inwards  and  the  bronchi  out :  this  must 
surely  be  a  tension  of  considerable  magnitude ! 

When  the  disease  goes  on  to  liquefaction  a  cavity  is  formed : 
when  this  occurs,  it  is  evident  that  the  atmospheric  pressure 
acting  upon  the  affected  part  of  the  lung  is  much  greater  than 
before,  because  the  area  of  the  cavity  is  much  greater  than  the 
transverse  areas  of  the  bronchioles  or  bronchi  leading  to  it  (it  is 
assumed,  of  course,  in  this  case,  that  the  cavity  is  in  communica- 
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tion  with  the  air  hj  a  bronchus,  no  matter  how  small).  This 
does  not  necessarily  mean  that  the  tension  upon  the  walls  of 
the  cavity  will  be  increased ;  it  probably  will  cause  an  increase 
of  that  tension,  but  not  necessarily;  because  the  walls  may  be 
sufficiently  supported  by  the  surrounding  tissues  to  resist  the 
pressure,  just  as  the  bladder  of  a  football  is  supported  by  the 
leather  case  after  it  has  reached  a  certain  state  of  distension. 

If,  however,  the  cavity  be  not  in  communication  with  the  open 
air,  then  no  doubt  relaxation  of  the  walls  would  to  a  certain 
extent  occur ;  but  it  is  highly  improbable  that  this  relaxation 
would  be  complete,  because,  as  some  of  the  adhesions  became 
relaxed,  others  would  become  tense  by  the  mere  alteration  in  the 
position  of  the  parts. 

The  intensity  of  the  voice  heard  over  a  phthisical  consolida- 
tion or  a  cavity  is  almost  always  greater  than  normaL  In  the 
case  of  cavity  this  increase  is  often  exceediiigly  great,  and  forms 
the  pectoriloquy  of  Laennec.  This  great  investigator,  indeed,  con- 
sidered it,  when  typical,  to  be  pathognomonic  of  that  condition : 
experience  has  since  shown  that  this  is  not  correct ;  still,  the 
occurrence  of  this  sign  is  very  suggestive  of  vomica.  Now,  the 
very  fact  of  the  vocal  resonance  increasing  as  excavation  pro- 
ceeds seems  to  the  writer  to  militate  against  the  usually  accepted 
theory  of  increased  density.  The  tissues  cannot  in  any  sense  be 
denser  after  excavation  than  before ;  as  a  whole,  the  affected 
part  is  less  dense,  because  a  large  portion  hquefies  and  is  expec- 
torated ;  even  that  portion  of  the  fluid  which  is  not  expectorated 
falls  to  the  lowest  part  of  the  cavity,  which  is  the  position  furthest 
away  from  the  stethoscope  if  the  patient  be  in  the  recumbent 
posture. 

As  will  be  noted  on  referring  to  the  Clinical  Investigation 
(page  202),  the  tuning-fork  placed  in  the  middle  line  of  the  body, 
no  matter  whether  it  be  on  the  larynx,  trachea,  or  sternum,  is 
heard  best  over  the  diseased  area.  In  this  respect  phthisis 
differs  from  pleurisy,  the  reason  of  course  being,  that  in  the  latter 
disease,  as  was  before  shown,  the  lung  is  relaxed,  and  is  a  worse 
conductor  than  the  healthy  organ,  while  in  phthisis  it  is  not  col- 
lapsed, but  denser  and  more  tense,  and  hence  a  better  conductor. 
So  also  with  the  heart's  sounds:  they  are  conducted  better 
through  a  phthisical  than  through  a  healthy  or  collapsed  organ. 
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The  writer's  explanation  of  the  auscultatory  signs  found  in 
phthisis  is  similar  to  that  which  he  has  given  in  pneumonia,  viz., 
that  there  is  an  increase  in  the  density  of  the  structures,  as  also 
in  the  tension ;  but  the  increase  of  the  tension  occurs  rather  in 
the  new-formed  tissue  than  in  the  normal  lung  structures.  In 
phthisis  there  is  often  an  emphysematous  condition  present, 
compensatory  or  complementary  in  character.  It  will  be  noted, 
in  speaking  of  emphysema  (page  225),  that  this  disease  causes 
diminution  in  the  auscultatory  vocal  signs.  Now,  in  phthisis 
this  diminution  would  also  occur  were  it  not  for  the  fact  that, 
besides  the  emphysema,  there  are  trabeculase  of  tense  tissue, 
which  conduct  the  sound  from  the  bronchi  to  the  parietes,  and 
hence  cause  increased  vocal  resonance. 

Before  leaving  the  subject  of  phthisis,  the  writer  would  like 
to  point  out  one  matter  on  which  most  physicians  would  probably 
agree,  viz.,  the  intensity  of  the  vocal  resonance  and  fremitus  in 
phthisis  is  not  nearly  so  liable  to  sudden  changes  as  sometimes 
occur  in  pneumonia.  The  patient  may  lie  quiet  for  any  length 
of  time  in  the  recumbent  position,  but  the  voice  heard  over  the 
thorax  is  still  louder  than  normal.  It  is  astonishing  with  what 
regularity  and  persistence  the  thoracic  voice  is  increased  in 
intensity  in  phthisis,  while  in  pneumonia  it  not  uncommonly 
varies.  According  to  the  writer's  view,  this  persistence  is  easily 
explained.  The  structures  are  kept  tense,  not  only  by  the 
pressure  of  the  atmosphere  as  in  pneimionia,  but  also  by 
adhesions ;  hence,  even  if  atmospheric  pressure  be  suspended,  as 
it  often  undoubtedly  is,  there  may  still  be  no  diminution  of  the 
vocal  resonance  and  fremitus.  The  writer  does  not  hold  that  a 
diminution  never  does  occur  in  phthisis,  but  that  it  is  rare,  and 
that  for  the  reason  just  given. 

In  regard  to  phthisis,  as  indeed  to  other  diseases,  it  must  be 
remembered  that  the  organs,  as  seen  at  the  post-mortem,  can  in 
nowise  be  considered  in  the  same  physical  condition  as  that  in 
which  they  exist  during  life :  e.g,,  a  cavity,  as  seen  in  the  lung 
of  a  patient  dead  from  phthisis,  has  been  allowed  to  collapse  on 
opening  the  thorax,  and  again  on  opening  the  cavity  itself, 
besides  the  fact  that  adhesions  are  necessarily  stript  from  the 
parietes. 
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Emphysema. 

The  anatomical  changes  found  in  this  disease  may  be  briefly 
summarised  as  follows : — 

"The  partitions  separating  the  alveoli  atrophy,  and  the  infuu- 
dibulum  expands  into  a  sunpler  cavity  ....  The  infundibulum 
continues  to  expand,  and  meets  with  other  inf undibula  under- 
going a  similar  process.  By  mutual  pressure  the  adjoining 
tissue  atrophies  and  the  two  communicate.  The  larger  cavity 
t^ds  to  become  simpler  by  atrophy  of  all  partitions  and  septa, 
and  80  the  process  goes  on.  Of  most  importance  is  the  atrophy  of 
the  elastic  tissue,  because  on  this  account  the  lung  tissue  will  be 
prevented  from  collapsing  as  it  normally  does  "  (Coats,  op.  dt,, 
pp.  517  and  518).  This  latter  fact  is  well  known  to  all 
physicians,  because,  when  the  thorax  is  opened  at  the  post- 
mortem, the  emphysematous  lungs  collapse  very  little,  or  not  at 
all  Could  any  further  proof  be  desired  to  show  that  the 
organs  in  this  disease  are  in  a  state  of  little  or  no  tension  ? 

Vocal  resonance  is  much  diminished  in  emphysema,  and 
tactile  fremitus  is  often  absent.  This  is  exactly  what  would 
be  expected  if  the  view  held  by  the  writer  be  correct,  viz.,  with 
decrease  of  tension  there  will  be  a  diminution  of  the  sound- 
conducting  power  of  the  structures. 

Now,  the  upholders  of  Laennec's  theory  may  say  that  there  is 
also  decrease  of  density  in  this  disease.  That  is  quite  true ; 
nevertheless  these  writers  will  have  to  adopt  a  different  line  of 
reasoning  than  that  they  have  hitherto  used,  viz.,  the  sound  is 
conveyed  better  through  condensed  than  through  normal  lung, 
because  it  is  more  hxymogeneous,  and  hence  there  is  not  so  much 
sound  lost.  '  In  emphysema,  also,  the  lung  is  more  homogeneous, 
and  there  is  also  less  loss  of  sound  by  reflexion  than  in  the 
healthy  condition;  e.g.,  where  100  alveoli  previously  existed,  50 
now  remain.  So  that,  according  to  this  view,  we  would  expect 
either  undiminished  or  increased  vocal  signs.  Thus  it  is  evident 
that  even  if  the  commonly  accepted  hypothesis  were  correct,  the 
reasons  given  in  support  of  it  are  certainly  incorrect.  It 
appears  to  the  writer,  however,  that  the  facts  are  explained 
perfectly  by  the  loss  of  tension  in  the  structures. 
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Changes  in  the  Intensity  of  Ausealixdory  Sign^  not  necessarily 

significani  of  Disease, 

In  the  foregoing  pages  consideration  has  been  directed  to  the 
changes  in  the  intensity  of  the  auscultatory  signs  noticed  in 
disease.  But  a  great  deal  of  light  may  be  thrown  upon  the 
subject  by  differences  noticeable  in  the  healthy  lung. 

(1)  Age, — This  appears  to  have  a  considerable  effect  upon  the 
sound-conducting  power  of  the  lung. 

We  cannot  compare  the  vocal  resonance  and  fremitus  of  the 
child  with  that  of  the  adult,  for  the  obvious  reason  that  the 
child's  voice  is  much  weaker  and  more  highly  pitched  than  that 
of  the  latter ;  but  the  intensity  of  the  respiratory  murmur  gives 
us  a  good  comparison.  In  the  child  this  sign  is  found  to  be 
much  louder  than  in  the  case  of  the  typical  adult :  so  much  is 
this  the  case,  than  when  in  an  adult  it  is  very  loud,  as  sometimes 
occurs  in  disease,  it  is  spoken  of  as  '  puerile.'  To  what  cause 
can  this  be  ascribed  ?  It  cannot  be  on  account  of  any  difference 
in  the  density  of  the  lungs,  for  the  adult's  lungs  are  as  dense  as 
the  child's.  Neither  will  Skbda's  theory  of  resonance  account 
for  it,  because  there  is  as  much  possibility  of  resonance  occurring 
in  one  case  as  the  other.  But  a  difference  in  the  elasticity  of 
the  lungs  will  completely  explain  the  matter. 

The  exceedingly  elastic  lungs  of  the  child  are,  by  very  reason 
of  their  greater  resiliency,  kept  in  a  state  of  greater  tension  than 
the  adult's,  and  this  at  once  explains  the  greater  intensity  of  the 
respiratory  murmur  in  their  case. 

Again,  as  old  age  approaches,  it  is  very  well  known  that  the 
vocal  resonance  and  fremitus  as  well  as  the  respiratory  murmur 
usually  become  rather  diminished  in  intensity.  Here,  again, 
both  Skoda's  theory  of  consonance  and  the  usually  accepted 
theory  of  differences  in  density  are  quite  incompetent  to  explain 
the  facts.  They  are  quite  explained,  however,  by  differences  in 
the  elasticity  and  tension  of  the  structure  of  the  lungs ;  for  it  is 
an  undoubted  fact  that  even  in  healthy  old  people  senile  changes 
are  apt  to  occur  in  the  lung  tissue  in  common  with  the  other 
organs  of  the  body,  and  that  these  changes  are  in  the  direction 
of  atrophy  of  the  tissue,  similar  to  that  occurring  in  emphysema 
(Coats,  op,  cit,,  p.  521). 
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(2)  When  a  healthy  individual  is  suddenly  struck  down  by  an 
acute  unilateral  pleurisy  or  pneumonia,  the  unaffected  lung  does 
compensatory  work,  sometimes  even  enlarging  its  boundaries  and 
extending  across  the  middle  line.  In  these  cases  it  is  usual  to 
fiud  the  respiratory  murmur  increased  in  intensity,  even  to  the 
d^ree  known  as  '  puerile.'  How  can  this  fact  be  explained 
except  by  increased  tension,  which  must  certainly  take  place  if 
a  long  is  called  upon  suddenly  to  do  compensatory  work  ?  As 
before,  Skoda's  theory  and  that  usually  accepted  fail  to  explain 
these  facts. 

It  is  interesting  to  compare  this  case  when  the  lung  tissue  is 
healthy  and  becomes  suddenly  enlarged,  and  hence  Tnore  tense, 
with  that  which  occurs  when  the  organ  becomes  gradually 
enlarged  and  more  relaoced,  as  in  emphysema  arising  from  chronic 
bronchitis:  in  the  former  case,  the  respiratory  murmur  is  greatly 
increased  in  intensity,  while  in  the  latter  it  is  not  so  loud  as 
normal 

This  well-known  fact,  that  when  a  lung  is  called  upon 
suddenly  to  do  compensatory  work  the  respiratory  murmur  is 
louder  than  normal,  should  be  taken  in  conjimction  with  another 
fact  demonstrated  on  page  203,  viz.,  that  the  sound  of  a  tuning- 
fork  is  conducted  through  the  lungs  better  when  the  organ  is  in 
the  position  of  inspiration,  than  when  it  is  more  relaxed  at  the 
end  of  expiration.  In  both  cases  there  appears  to  the  writer  no 
other  explanation  than  difference  of  tension  upon  the  structures. 

(3)  Even  in  perfectly  healthy  individuals  of  the  same  age,  all 
physicians  know  that  the  loudness  both  of  the  vocal  resonance 
and  the  respiratory  murmur,  as  well  as  the  intensity  of  the  vocal 
fremitus,  vary  vrithin  wide  limits.  Is  there  any  way  of  explain- 
ii^  this  fact  ?  It  is  out  of  the  question  to  suppose  that  it  can 
be  accounted  for  by  differences  of  density  or  of  resonating  power 
of  the  respiratory  organs.  As  in  the  two  preceding  cases,  so 
also  here  these  difficulties  at  once  disappear  if  we  take  differences 
of  tension  into  consideration. 

In  Pye-Smith  and  Fagge's  Principles  and  Practice  of  Medicine, 
1891,  voL  L  p.  967,  are  to  be  found  some  interesting  paragraphs 
on  the  predisposition  to  emphysema;  some  families  being 
peculiarly  liable  to  the  disease,  even  without  any  known  cause. 
Cohnheim,  it  is  stated,  regards  it  as  an  undoubted  fact  that  this 
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is  due  to  a  congenital  deficiency  of  the  yellow  elastic  fibres  of 
the  alveoli.^  Whether  Cohnheim  and  others  are  right  in  this 
respect  or  not,  there  is  no  doubt  whatever  that  the  elasticity  of 
the  lungs  varies  greatly  in  different  individuals  (Perl's  vol.  vi., 
Deutsches  Archiv\  and  hence  that  differences  in  the  tension  of 
the  organ  must  also  exist.* 

This  being  so,  we  are  completely  able  to  explain  variations  in 
the  loudness  of  the  thoracic  voice,  the  respiratory  murmur,  and 
intensity  of  the  vocal  fremitus,  by  dififerences  of  tension. 

Thus  we  find  that  the  auscultatory  signs  both  of  the  voice  and 
the  respiration  vary  considerably,  even  in  healthy  lungs,  accord- 
ing to  (1)  their  age,  (2)  their  degree  of  distension,  and  (3)  their 
varying  structure  in  different  subjects;  we  find,  further,  that 
these  differences  of  the  physical  signs  are  quite  unexplained  by 
the  theories  of  resonance,  or  of  differences  of  density  or  homogen- 
eousness.  On  the  other  hand,  differences  of  tension  explain 
them  all  completely. 

The  Effect  of  Plugging  of  a  Bronchus  in  Bronchitis. 

A  bronchus  may  become  obstructed  in  several  ways,  some- 
times by  the  growth  of  a  tumour  or  by  pressure  from  without, 
or  it  may  occur,  as  Gairdner  pointed  out,  by  a  plug  of  mucus. 
This  is  most  liable  to  occur  in  bronchitis. 

Obstruction  of  a  bronchus,  from  whatever  cause,  is  followed 
by  a  great  diminution  of  the  vocal  resonance  and  fremitus,  or 
even  by  the  total  suppression  of  these  signs  (Bristowe,  Theory 
and  Practice  of  Medicine,  1887,  p.  388.  Finlayson's  Clinical 
Manual,  1886,  p.  639)- 

Skoda  knew  the  importance  of  this  fact,  and  made  a  great  deal 
out  of  it  to  support  his  *  consonanz-theorie.' 

Laennec  could  not  be  right,  he  argued  {pp.  cit.,  p.  35),  because, 
though  the  lung  be  hepatised,  yet  if  plugging  of  the  bronchus 

^  Cohnheim,  Vorlesungen  Uber  Allgemeine  PathologU,  1880,  lite  Band,  p.  192. 
''  Deshalb  mochte  es  vielleicht  auch  nicht  voUig  ausgeschlossen  sein,  dasB  hier 
iDdividuelle  Differenzen  im  Mass  der  Lungenelasticitat  im  spirle  waren  .  •  J" 

'  See  also  Perl's  Lehrfmeh  der  Allgemeinen  Pathologie,  Ite  Theil,  pp.  261,  262, 
and  263.  On  the  latter  page  he  demonstrates  that  the  power  of  retraction  of  the 
lung  as  it  exists  in  normal  healthy  chests  varies  between  50  and  78  mm.  of  water 
pressure.  Hence  it  is  evident  that  the  tension  must  vary  in  the  same  proportion, 
which  is  very  considerable. 
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occurred,  the  vocal  resonance  and  fremitus  became  diminished. 
There  is  no  doubt  that  Skoda  proved  the  accepted  theory  to  be 
wrong,  and  no  upholder  of  it  has  been  able  to  explain  this  fact 
in  connectiou  with  plugging  of  a  bronchus. 

Although  Skoda  completely  proved  the  insufficiency  of  the 
accepted  theory,  yet  he  did  not  prove  his  own  to  be  correct; 
because,  either  he  was  ignorant  of  the  fact,  or  else  he  n^lected  it, 
that  plugging  of  a  bronchus  was  followed  by  collapse,  either  in 
the  manner  pointed  out  by  Gairdner  or  lichtheim  (page  218). 

This  fact  only  goes  to  prove  further  the  incorrectness  of  the 
accepted  theory;  because,  as  collapse  proceeds  in  a  lung  pre- 
viously containing  air,  it  is  evident  that  the  density  and  homo- 
geneousness  of  the  organ  increases,  and  hence  we  would  expect 
increased  intensity  of  the  vocal  resonance  and  fremitus,  which 
is  not  the  case. 

On  the  other  hand,  we  have  already  seen  very  many  objec- 
tions to  Skoda's  theory  itself ;  and  hence  it  would  be  wise  to  see 
if  there  is  no  other  way  of  accounting  for  the  loss  of  vocal 
resonance  after  plugging  of  a  bronchus. 

Looked  at  from  the  writer's  point  of  view,  the  whole  difficulty 
is  cleared  up  at  once  in  a  satisfactory  manner.  The  moment 
that  a  bronchus  became  completely  obstructed,  relaxation  and 
oollapse  would  begin  at  once  in  all  the  structures  below.  If  the 
process  occurred  in  the  manner  suggested  by  Dr  Gairdner  (the 
ball-valve  action  of  a  plug),  the  resulting  collapse  would  take 
place  very  rapidly.  In  cases  in  which  the  obstruction  prevented 
both  entrance  and  exit  of  air,  then  the  process  would  take  some- 
what longer  to  complete  (Fagge  and  Pye-Smith,  op.  dt,,  voL  i. 
p.  959);  but  even  here  the  relaxation  would  be  much  more  rapid 
at  its  commencement,  because  the  gases  are  absorbed  under  the 
greatest  pressure  the  moment  the  obstruction  takes  place. 

In  pneumonia,  the  same  process  was  described  as  that  related 
above  (page  218),  and  in  both  cases  it  appears  to  the  writer  that 
the  explanation  offered  accounts  for  the  facts  just  as  well  as 
Skoda's  theory,  and  is  acoustically  indisputable,  because  no  one 
can  deny  that  diminution  of  tension  in  any  resilient  body  will 
seriously  impair  its  sound- conducting  power,  as  was  pointed  out 
on  pages  204  and  211. 
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Summary  of  the  preceding  pages  as  regards  Intensity  of 

the  AusauMatory  Signs. 

In  the  preceding  pages  the  conditions  which  cause  alteration 
in  the  intensity  of  the  vocal  resonance,  etc.,  have  been  con- 
sidered. Before  passing  on  to  considerations  as  to  the  altera- 
tions in  quality  of  the  auscultatory  signs,  the  foregoing  results 
might  be  summarised. 

(1)  It  has  been  shown  that  neither  Skoda's  theory  of  increased 
consonance,  nor  the  usually  accepted  theory  (Laeunec's)  of 
increased  sound-conducting  power  of  condensed  lung,  will 
account  for  aU  the  phenomena  of  increase  in  the  vocal 
resonance. 

(2)  Facts  have  been  demonstrated  which  are  entirely  opposed 
to  either  of  these  two  theories. 

(3)  It  has  been  shown  that  not  only  would  we  expect  to  find 
that  alterations  in  tension  would  affect  the  intensity  of  the 
auscultatory  signs,  but  that  they  do  so  to  a  very  great  extent 

(4)  Whenever  there  is  increase  in  the  tension  of  the  tissues 
forming  the  respiratory  organs,  there  is  increase  in  the  intensity 
of  the  auscultatory  signs ;  and  whenever  there  is  a  decrease  in 
the  tension,  these  signs  are  diminished.  This  statement  holds 
true  both  in  health  and  disease  :  it  explains  individual  differences 
of  the  vocal  and  other  phenomena,  besides  a  number  of  other  facts 
which  are  quite  inexpHcable  either  by  Skoda's  theory  or  that  of 
Laennec. 

The  writer  is  not  aware  of  any  fact  which  can  be  said  to  be 
incompatible  with  the  above  statement,  nor  can  he  find  any  such 
in  works  on  Physical  Diagnosis. 

It  might  be  urged  further,  in  favour  of  the  views  put  forward 
by  the  writer  concerning  the  inferior  sound-conducting  power  of 
lung  which  is  collapsed,  coimpared  with  that  which  is  distended 
as  in  health,  that  the  facts  found  at  the  bedside  are  more  in 
eu^cordance  with  the  writer's  views  than  with  those  at  present 
mostly  accepted.  Thus,  whenever  collapse  really  does  occur, 
whether  it  be  from  fluid  in  the  pleural  cavity  or  from  pus  or  air 
in  that  cavity,  or  if  it  ensue  upon  the  plugging  of  a  bronchus 
by  a  plug  of  mucus,  or,  again,  if  it  be  due  to  a  tumour  growing 
in  the  thorax,  and  allowing  the  lung  to  collapse  because  of  the 
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space  occupied  by  the  growth,  the  vocal  resonance  and  fremitns 
and  respiratory  murmur  are  in  the  great  majority  of  cases  very 
rnach  diminished.  Not  only  are  these  facts,  but  they  are 
universally  admitted  as  such  by  physiciana  Very  significant, 
then,  are  the  excuses  brought  forward  by  writers  to  account 
for  these  cases  where  the  theory  fails ;  as  thus : — ^in  pleurisy* 
although  collapse  occurs,  the  vocal  resonance  and  fremitus  are 
greatly  diminished  because  of  the  layer  of  fluid ;  when  the 
collapse  is  due  to  obstruction  of  a  bronchus  by  a  plug  of  mucus, 
this  plug  of  mucus  is  used  as  the  excuse,  there  being  no  layer  of 
flnid  in  this  case ;  if  the  coUapse  be  due  to  a  tumour^  the  theory 
is  very  often  forgotten ;  or  if  not  forgotten,  some  vague  excuse  is 
again  put  forward,  such  as  that  a  tumour  often  causes  obstruc- 
tioa  of  a  bronchus,  or  the  accumulation  of  fluid  in  the  pleura ; 
the  iact  that  a  tumour  very  often  does  neither  of  these  things 
bemg  quite  ignored.  By  subterfuges  like  these,  the  theory  is 
excused,  an  apology  being  put  forward  to  accoimt  for  its  failure 
in  each  case  in  which  collapse  occurs,  according  to  the  author's 
fancy,  until,  like  Mahomed's  swine,  ''from  head  to  tail  'tis 
eaten." 

It  appears  to  the  writer  that  a  better  course  to  follow  would 
be  to  take  our  stand  upon  what  both  experiment  and  clinical 
observation  show  to  be  true,  viz.,  that  coUapsed  lung  is  a  worse 
transmitter  of  sound  than  the  normal  distended  organ.  Such  a 
course  would  enable  us  to  dispense  entirely  with  the  excuses 
exemplified  above,  and  whose  very  variety  casts  doubts  upon  the 
theory  which  they  are  meant  to  support. 

The  writer  does  not  hold  that  bronchophony  and  bronchial 
respiration  may  not  be  heard  over  a  collapsed  lung.  On  the 
other  hand,  it  will  be  shown  later  that  it  is  quite  possible 
that  the  voice  and  the  breath-sounds  heard  over  such  an  organ 
may  possess  the  quality  of  those  sounds  as  normally  heard  over 
a  bronchus ;  but,  no  matter  what  the  quality  of  the  sound  heard 
over  the  collapsed  organ  may  be,  its  intensity  will  be  less  than 
that  heard  in  health.  (Gases  in  which  the  organ,  though  collapsed, 
is  rendered  tense  by  adhesions,  are  of  course  excluded.) 

Bronchophony  and  bronchial  respiration  are  usually  heard  in 
health  over  the  interscapular  region  behind  and  over  the  main 
bronchi  in  front ;  therefore,  when  collapse  occurs,  and  these  signs 
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are  heard  at  the  parte  mentioued,  their  presence  is  no^  dae  to 
the  collapsed  lung,  as  some  writers  seem  to  think.  Skoda 
pointed  out  that  we  are  unable  to  make  any  deductions  from 
the  character  of  the  auscultatory  signs  of  the  voice  and  respira- 
tion heard  over  these  parts  (Skoda,  op,  dt.,  p.  80). 

There  is  one  condition  of  a  collapsed  lung  which  has  not 
hitherto  been  considered.  If  such  an  organ  be  subjected  to 
excessive  pressure  from  fluid  in  the  pleura,  it  is  evident  that  it 
might  again  become  possessed  of  a  certain  amount  of  tension  by 
the  pressure  exerted  upon  it,  just  as  cotton-wool  may  be  rendered 
tense  by  pressure  of  the  hand.  Whether  this  tension  by  com- 
pression is  ever  sufficient  to  cause  an  increase  of  the  vocal 
resonance  it  would  be  difficult  to  say.  It  must  be  very  un- 
common, even  if  it  occurs  at  all ;  because,  no  matter  how  great 
the  amount  of  fluid  effiised  may  be,  the  vocal  resonance  and 
fremitus  are  seldom  increased  in  pleurisy ;  and  even  if  they  are, 
there  remains  the  possible  or  even  probable  fallacy  that  such 
increase  may  be  due  to  adhesions,  rendering  the  organ  tense,  and 
not  to  the  excessive  pressure. 


(To  be  continued,) 


THE  GENESIS  OF  VOWELS.    By  R  J.  Lloyd.  D.  Lit.,  M^ 

(Plate  IX.) 

The  movable  units  of  which  the  sounds  called  words  ai^ 
composed  may  be  called  jAones.  They  correspond,  roughly  and 
inaccurately,  to  the  letters  of  the  written  wonL  If  classed 
according  to  origin,  they  fall  into  three  classes :  (1)  those  which 
originate  entirely  from  the  larynx,  such  as  ^,  o,  or  »;  (2)  those 
which  originate  entirely  from  some  percussion  or  friction  in  the 
Toice-passage,  while  the  larynx  stands  open  and  idle,  such  as 
pot  for  s;  (3)  those  which  spring  from  both  of  these  sources 
simultaneously,  such  as  &  or  t?  or  2.  Taking  the  word  stoma 
(oTOfia,  mouth)  to  signify  the  passage  leading  from  the  larynx 
to  the  outer  air,  these  classes  may  be  called  (1)  glottal,  (2) 
stomatic,  (3)  glotto-stomatic. 

But  phones  are  also  divided  according  to  their  function  iu 
language.  A  phone  which  either  by  itself  constitutes  a  syllable, 
or  i3  the  strongest  phone  in  a  syllable,  is  called  a  vowel.  The 
weaker  connective  phones  are  called  consonants.  This  classi- 
fication is  not  strictly  acoustic,  but  linguistic;  and  it  varies 
somewhat  from  language  to  language.  In  the  English  words 
aUe,  bitten,  paddled,  hadn't,  I  and  n  are  really  vowels,  and  there 
is  hardly  any  phone  which  does  not,  in  some  locution  of  some 
language,  function  as  a  vowel.  Nevertheless  there  are  certain 
phones  which  are  more  fitted,  by  their  own  nature,  to  perform 
this  function  than  any  others.  The  essential  distinction  between 
vowel  and  consonant  is  that  of  superior  sonorousness.  The 
phones  which  are  pre-eminently  vowels  are  simply  the  strongest 
phones.  Now,  all  the  stomatic  phones  are  weak,  because  the 
larynx  does  not  co-operate  in  them  at  all;  and  the  glotto- 
stomatic  phones  are  not  strong,  because  the  larynx  only  co- 
operates feebly.  The  only  class  of  phones  which  make  really 
good  strong  vowels  are  the  purely  glottal  class.  In  all  of  them 
the  chords  vibrate  freely  and  strongly,  because  the  air  is  not 
obstructed  in  the  stoma.  But  the  sound  is  more  easily  obstructed 
than  the  air  is.    Any  one  may  observe  for  himself  that  in  quiet 
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breathing  oue  nostril  is  sufficient  to  can-y  the  breath  without 
phonic  friction,  i.e.,  friction  loud  enough  to  serve  as  an  audible 
element  in  speech.  But  the  glottal  sounds  which  issue  through 
two  nostrils  (m,  n,  and  ng)  are  nevertheless  too  weak  to  make 
very  good  vowels.  For  similar  reasons,  the  sounds  w,  y,  I,  and 
untrilled  r,  though  all  purely  glottal,  are  not  good  vowels. 
Hence  the  frequent  classification  of  all  these  sounds  by  gram- 
marians as  semi-vowels. 

But,  ehminating  these,  it  may  be  laid  down  as  a  general 
principle  that  every  glottal  phone  possessing  a  sufficient  exit 
is  a  good  usable  vowel.  Yet  even  here  there  are  immense 
dififerences  of  usefulness.  For  the  usefulness  of  a  vowel  depends 
also  upon  its  distinct  phonic  character ;  and  this  distinct  phonic 
character  is  only  possessed  by  a  limited  number  of  vowels,  each 
of  which  is  found  to  possess  a  distinct  type  of  stoma.  Seven  of 
these  leading  types  exist  as  long  vowels  in  English,  and  their 
articulations  are  shown  on  the  accompanying  diagram.  A  key- 
word containing  the  vowel  in  question  is  there  attached  to  the 
figure  of  each  articulation,  and  the  vowel  itself  is  indicated 
in  bolder  type.  For  convenience  of  comparison  with  other 
languages,  key-words  have  been  chosen  which  exhibit  the  symbols 
A  E 1 0  u  in  values  usual  abroad  rather  than  with  us  (Plate  IX.). 

But  when  a  singer,  for  example,  does  not  desire  to  utter  any 
vowel  in  particular,  but  simply  to  emit  tone  from  the  larynx 
through  an  open  voice-passage,  the  sound  is,  of  course,  according 
to  the  above  definition,  vocalic,  but  the  vowel  produced  is 
neither  a,  e,  i,  o,  w,  nor  anything  like  them.  It  resembles  much 
more  the  u  in  but.  The  same  sound  is  sometimes  heard  as  an 
interjection  when  the  larynx  is  set  to  work  by  surprise.  Sweet 
symbolises  this  vowel  by  inverted  V  (^),  and  calls  it  unmodified 
voice.  And  when  the  definite  articulations  proper  to  the 
definite  vowels  are  not  properly  carried  out,  a  similar  result 
follows.  Consider  the  sound  which  is  given  in  rapid  speech  to 
the  d  in  about,  to  the  ?  in  society,  to  ^  in  charity,  to  tf  in  consist^ 
and  to  -ii  in  educaie.  When  these  are  carefully  listened  to,  they 
are  found  to  possess  a  much  greater  resemblance  to  each  other, 
and  to  A,  than  they  do  to  any  kind  of  a,  e,  t,  o,  or  u.  It  is  there- 
fore only  when  certain  distinct  types  of  stoma  are  framed  that 
vowels  of  distinct  phonic  character  are  produced.    Such  vowels 
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are  uaturally  far  more  useful  than  the  feebly  differentiated 
vowels  of  all  other  articulations.  They  are  therefore  the 
dominant  types  in  language,  and  the  most  important  objects  of 
study.  This  is  shown  by  the  fact  that  no  language  dispenses 
with  them,  though  the  i  and  u  classes  are  naturally,  by  reason 
of  their  small  exits,  inferior  in  sonority  to  the  a  class.  When- 
ever a  human  being  executes  the  articulation  depicted  in  one  of 
these  diagrams,  he  produces  the  vowel  belonging  to  it.  If  the 
shape  of  the  articulation  is  correct,  the  size  does  not  matter. 
In  a  paper  read  before  the  British  Association  at  Cardiff  in 
1891,  I  summed  up  this  truth  in  the  law, "  Like  articulatwiis 
produce  like  vowels"  This  dictum  is  now  accepted  with  practi- 
cal unanimity  by  phonetic  observers,  but  I  have  had  to  defend 
it  from  strong  attacks  by  acousticians,  notably  Dr  Pipping  of 
Helsingfors  and  Prof.  F.  Auerbach  of  Jena;  because  it  carries 
with  it  the  theory  of  vowel-sound  which  I  advanced  in  the  same 
paper,  namely,  that  each  definite  vowel  possesses  more  than  one 
stomatic  resonance,  and  that  its  identity  is  due  not  to  the 
absolute  pitch  of  these  resonances,  but  to  their  mutual  relation, 
or  interval,  or  ratio. 

But  the  converse  of  this  law  is  not  strictly  true,  and  its 
limitations  are  worth  noting.  We  are  compelled  to  produce 
like  vowels  very  often  by  somewhat,  though  not  altogether, 
unlike  articulations.  Two  individuals  sometimes  differ  so  far 
in  organic  endowment  that  they  are  physically  incapable  of  pro- 
ducing articulations  accurately  corresponding  in  figure,  each  to 
each.  But  there  is  still  a  strong  general  resemblance,  because 
the  aim  of  both  is  to  divide  and  shape  the  stoma  in  such  a  way 
as  to  produce  the  same  relation  between  its  resonances.  But 
the  most  interesting  thing  to  be  noted  here  is  that  in  the  same 
individual  the  available  stoma  is  not  always  the  same  in  actual 
speech  and  song.  This  is  especially  true  of  the  'expansible' 
series  i,  d^  a,  a,  S,  to  which  our  three  middle  diagrams  belong 
(Plate  IX.).  There  is  not  always  time  or  convenience  to 
produce  a  desired  vowel  articulation  in  its  most  expanded  and 
sonorous  form.  The  maximum  of  this  difficulty  occurs  when 
the  vowel  (1)  is  closed  at  both  ends  by  a  plosive  or  fricative 
consonant,  (2)  is  short  by  nature,  (3)  is  spoken  or  sung  at  a  high 
speed,  and  (4)  at  a  high  pitch.    Such  a  combination  of  circum« 
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stances  reduces  the  practicable  size  of  the  stoma  iu  every  vowel, 
but  especially  in  those  just  indicated.  In  every  syllable  com- 
posed of  a  vowel  between  consonants  there  are  really  five 
elements, — the  vowel,  the  two  consonants,  and  the  glides  connect- 
ing the  vowel  with  each  consonant.  This  may  be  clearly  seen 
in  .the  phonograms,  and  these  glides  constitute  a  considerable 
fraction  of  the  syllable,  for  its  whole  duration  is  commonly  not 
more  than  one-third  of  a  second.  They  are  longest,  both  in 
space  and  time,  when  the  distance  between  the  vowel  position 
and  the  consonant  position  is  greatest,  ic,  when  there  is  a  glide 
from  a  very  close  consonant  to  a  very  open  vowel.  They  be- 
come relatively  longer  when  the  vowel,  either  through  its 
occurriug  in  a  short  syllable  or  through  its  being  spoken  with 
greater  rapidity,  becomes  shorter.  The  vowel  would  in  these 
cases  be  largely  obliterated  by  the  gUdes,  unless  some  means 
were  used  to  shorten  the  latter.  The  instinctive  remedy  is  to 
compress  the  configuration  by  partly  closing  the  jaws,  so  that 
the  parts  are  brought  nearer  together.  The  internal  organs  are 
at  the  same  time  rearranged  so  that  the  due  proportion  of  parts 
is  still  respected,  and  the  same  vowel  is  still  produced.  The 
inevitable  result  of  this  compression  of  the  stoma  is  to  raise  the 
pitch  of  its  resonances.  Observation  of  the  a  vowels,  coupled 
with  a  study  of  Boeke's  phonograms  of  Dutch  aa  {Pfiiigers  Archiv^ 
voL  50,  p.  312),  led  me  to  conclude  that  this  rise  may  amount 
to  4  semitones  in  a  loug  closed  syllabla  It  must  be  still  greater 
in  a  short  closed  syllable.  These  facts  tell  decisively  in  favour  of 
the  theory  here  defended, — that  the  cardinal  vowels  are  created 
by  the  relative  pitch  of  plural  resonances. 

Like  results  occur,  on  a  smaller  scale,  when  a  vowel  is  sung 
at  unusually  high  pitch.  The  tension  of  the  muscles  inside  the 
larynx  is  then  so  gieat  that  the  opposing  extra-laryngeal  muscles 
must  be  brought  into  play  to  support  the  cartilages  of  the 
larynx.  These  muscles,  in  their  turn,  pull  strongly  upon  the 
tongue-bone  and  lower  jaw,  and  tend  to  draw  the  whole  larynx 
outward  and  upward.  But  the  larynx  is  at  the  same  time  held 
downward  and  backward  by  attachments  of  elastic  tissue,  which 
support  the  cartilages  on  the  opposite  side.  These  attachments, 
however,  not  being  muscular,  give  way  in  proportion  to  the  pull 
which  is  exercised  upon  them,  and  this  pull  increases  and 
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decreases  with  the  pitch  of  the  note.  Outwardly  this  action 
produces  the  rise  and  fall  of  the  Adam's  apple  which  is  so 
noticeable  in  some  speakers.  Inwardly  it  produces  very  rapid 
changes  in  the  bulk  of  the  stoma.  The  higher  the  note,  the 
smaller  the  stoma,  and  the  higher  its  several  resonances.  The 
greater  part  of  this  rise  in  pitch  of  resonance  takes  place  in  the 
upper  half  of  the  register.  It  can  be  shown  to  reach  2  or  3 
semitones  on  very  high  notes. 

It  generally  happens  that  sung  vowels  are  inferior  in  clearness 
of  vocalic  quality  to  spoken  or  whispered  vowels.  On  high 
notes  this  may  be  partly  attributed  to  the  state  of  muscular 
tension  above  described,  which  deprives  some  of  the  organs  of 
the  flexibility  needed  for  perfecting  the  required  configuration 
of  the  stoma.  This  goes  to  explain  the  frequent  very  bad 
quaUty  of  high  simg  vowels,  but  the  inferior  distinctness  of  all 
smig  vowels  rests  upon  more  general  grounds.  Vowel  quaUty 
is  entirely  created  by  the  resonances  of  the  stoma.  Therefore 
the  conditions  of  strong  vowel  quality  and  the  conditions  of 
strong  resonances  are  identical.  Now,  the  condition  of  strong 
resonances  is  the  presence  of  an  appropriate  stimulus,  and  that 
stimulus  is  in  every  case  afforded  by  the  larynx,  but  in  widely 
•  different  degrees.  The  singing  larynx  is  adjusted  to  the  pro- 
duction of  a  given  musical  note,  as  free  from  other  noises  as  it 
can  be  made.  But  in  the  speaking  larynx  there  is  purposed 
collision  (see  Helmholtz,  Sensations  of  Tone^  p.  104),  producing 
frictional  and  percussive  noises,  and  giving  to  the  spoken 
tone  its  characteristic  roughness;  whilst  in  the  whispering 
larynx,  tone  disappears,  and  there  is  nothing  emitted  from  it  but 
frictional  noise.  Of  these  three  states  of  the  larynx  the  one 
which  affords  the  least  stimulus  to  resonances  is  undoubtedly 
the  singing  state.  A  tone  of  a  certain  pitch  can  excite  a  reso- 
nance of  that  pitch,  and  no  other.  A  very  pure  vocal  note  con- 
tains very  little  indeed  except  vibrations  of  a  certain  tone,  and  of 
certain  multiples  or  upper  partials  of  that  tone.  The  chance 
that  for  any  given  vowel  the  singer  will  use  a  note  just  suited  to 
exdte  one  of  its  resonances  is  slender,  and  the  chance  that  any 
element  of  the  same  note  would  at  the  same  time  precisely  arouse 
a  second  resonance  is  very  minute  indeed.  The  power  of  exciting 
vowel  resonances  which  a  sung  vowel  possesses  proceeds  chiefly, 
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therefore,  from  that  small  residue  of  frictional  noise  from  which 
it  cannot  possibly  free  itself.  So  minute,  relatively,  and  so  dis- 
tributed is  this  element  of  the  sung  vowel,  that  we  search  for  it 
in  vain  iu  phonograms.  Still,  it  is  perfectly  evident  that  air 
cannot  be  forced  .through  a  chink  so  narrow  as  the  glottis  without 
friction ;  and  it  is  the  property  of  resonant  cavities  to  multiply 
the  feeblest  stimulus  very  rapidly.  But  in  spoken  and  whispered 
vowels  aerial  friction  is  designedly  produced.  The  mixed  and 
miscellaneous  vibrations  set  up  by  this  friction  are  ready  and 
able  to  allbrd  stimulus  to  every  kind  of  resonance ;  so  that  what- 
ever the  size  and  shape  of  the  stoma,  its  resonances  never  fail, 
cither  iu  speech  or  whisper,  to  be  adequately  stimulated. 

A  few  details  of  vowel  productfon  remain  to  be  noticed.  For 
a  good  vowel,  it  is  necessary,  as  already  stated,  to  avoid  friction  in 
the  stoma  or  voice-passage,  whilst  somewhat  cultivating  it  in  the 
larynx.  In  some  vocalic  stomata  there  are  narrow  passages, 
which  would  be  frictional  if  they  were  not  carefully  shaped.  If 
a  passage  must  be  of  a  certain  capacity  or  cross-section,  it  will 
set  up  the  minimum  of  friction  the  nearer  it  can  be  made  to 
approach  to  a  cylindrical  form.  Hence  the  rounding  of  the  lips 
for  a  very  close  u,  and  the  hollowing  of  the  tongue  for  i.  The 
uvula  seems  to  have  an  important  oflSce  of  this  kind  in  all  the 
a,  0,  u  (technically  called  the  hack)  vowels.  There  would  be  in 
these  cases  great  danger  of  aerial  friction  between  the  veliun  and 
the  tongue-back  if  the  uvula  did  not  bisect  the  passage,  and 
convert  the  narrow  intervening  slit  into  two  relatively  round 
openings,  resembling  nostrils. 

The  nose  sometime  plays  an  unsuspected  part  in  the  production 
of  vowels.  Its  participation  is  detected  by  holding  a  cold  mirror 
under  the  nose  during  the  speaking  or  singing  of  a  vowel.  A 
slight  nasality  is  thus  found  to  be  very  common,  but  it  is  with 
difficulty  recognised  as  such  by  the  ear.  The  acoustic  eflfect  of 
a  slightly  opened  nose  is  simply  to  add  to  the  other  resonances 
the  resonance  proper  to  the  nose,  as  an  open  tube.  I  determined 
this  resonance  by  direct  measurement  and  observation  {PTwn. 
Stud.,  iv.  p.  287)  to  be  in  myself  a^  (1760  V  D)  to  C*  (2112 
V  D)  according  to  the  position  of  the  velum.  These  figures  are 
closely  confirmed  by  one  of  Hermann's  phonograms  {PflUgers 
Archiv,  vol.  47,  plate  8,  fig.  7). 
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The  trachea  or  windpipe  forms  a  considerable  air-space  below 
the  larynx ;  and  the  examples  of  fricative  consonants  such  as  / 
and  s  show  that  very  audible  resonances  can  issue  from  an  inner 
cavity  through  apertures  quite  as  narrow  as  the  glottis ;  yet  the 
evidence  of  any  effective  resonance  proceeding  from  the  trachea 
is  still  to  seek.  The  trachea  divides  at  its  lower  end  into  two 
bronchi  of  unequal  length.  It  is  possible  that  this  inequality 
operates  to  produce  interferences  which  render  the  whole  tube 
incapable  of  strong  resonance.  Even  then  it  may  lend  a  certain 
support  to  the  larynx  when  vibrating  about  its  own  pitch.  In 
phonograms  sung  between  300  and  400  V  D,  I  have  noted, 
oftener  than  elsewhere,  a  preponderating  strength  of  the  funda- 
mental tone.  Here,  too,  in  singing  up  the  scale,  the  'chest' 
voice  changes  into  the  *head'  voice.  The  motive  of  this 
nomenclature  may  have  been  that  here  the  resonance  of  the 
trachea  is  felt  to  fail.  It  will  be  seen,  too,  in  analysing  phono- 
grams, that  a  resonance  300  to  400  V  D  appears  in  all  the  a 
vowels, — Gterman,  Dutch,  and  Swedish  alike.  It  is  possible  that 
the  a  articulation  gives  special  facility  to  the  exit  of  the  resonance 
of  the  trachea. 


THE  INTERPEETATION  OF  THE  PHONOGEAMS  OF 
VOWELS.    By  E.  J.  Lloyd,  D.  Lit.,  M.A.    (Plate  IX.) 

When  it  is  attempted  to  study  vowels  by  any  phonographic 
method,  some  notable  differences  between  sung,  spoken,  and 
whispered  vowels  are  brought  to  light.  The  whispered  vowel  is 
so  weak  that  it  does  not  yield  serviceable  phonograms  at  all. 
No  investigator  has  yet  published  or  attempted  to  analyse  a 
whispered  vowel-curve.  The  spoken  vowel  yields  well-marked 
phonograms,  and  so  does  the  sung  vowel,  but  with  a  remarkable 
difference  in  form.  When  we  sing  the  vowel  a  to  the  note  c  the 
resulting  phonogram  contains  two  sets  of  vibrations — (1)  those 
of  the  tone  c  and  its  upper  partials,  issuing  from  the  larynx ; 
(2)  those  of  the  stomatic  resonances  which  characterise  the 
vowel  a.  A  further  complexity  arises  from  the  fact  that  these 
two  factors  influence  each  other, — those  partials  of  the  glottal 
note  which  coincide  closely  enough  with  the  resonances  of  the 
voice-passage  or  stoma  being  naturally  much  exaggerated  by  the 
latter.  Individual  voices  differ  in  their  endowment  of  upper 
partials :  so  does  even  the  same  voice  at  different  times.  But 
so  long  as  the  same  vowel  is  steadily  sung  at  the  same  pitch  by 
the  same  person  at  one  period  of  time  and  is  phonographed  by 
the  same  instrument,  the  conditions  are  uniform  and  the  results 
are  beautifully  regular.  The  larynx  of  a  good  singer  pulsates 
with  the  regularity  of  a  tuning-fork ;  and  if  the  articulation  of 
the  vowel  be  well  held,  its  phonogram  is  simply  a  repetition  of 
similar  curves,  one  for  each  pulsation  of  the  larynx.  To  the  eye 
this  similarity  is  generally  perfect,  and  the  most  careful  mea- 
surement of  different  waves  usually  reveals  only  slight  differ- 
ences. For  the  glottal  note  is  not  only  the  most  powerful 
element  in  the  vowel,  but  it  is  commonly  of  a  much  deeper 
pitch  than  the  stomatic  resonances  by  which  it  is  modified. 
Male  speech  is  mostly  carried  on  between  100  and  150  V.D.  per 
second,  male  song  between  80  and  400  V.D.,  but  male  resonances 
range,  as  far  as  at  present  discovered,  from  below  300  to  above 
3000  V.D.     Consequently  most  resonances  commonly  repeat 
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themselyes  several  times  iu  the  course  of  cue  glottal  period. 
Two  waves  are  shown  in  our  diagram  (Plate  IX.),  much  magni- 
fied, of  Pipping's  Finno-Swedish  e  (resembling  our  e  in  rdn), 
sung  at  258  V.D.  per  second.  The  most  prominent  resonance 
of  6  is  just  about  nine  times  as  rapid  as  this ;  consequently  the 
ninth  partial  of  the  glottal  tone  is  greatly  magnified.  To  the 
unaided  eye  each  period  seems  to  consist  entirely  of  one  large 
fundamental  wave  crossed  by  a  set  of  minor  waves  nine  times 
shorter. 

But  regularity  of  this  kind  can  manifestly  only  occur  when 
the  resonance  is  a  nearly  exact  multiple  of  the  glottal  tone. 
Suppose  that  while  the  above  vowel  was  being  sung,  the  sung 
uote  had  been  raised  half-a-tone.  The  resonance  would  then 
have  been  only  8^  times  as  frequent  as  the  glottal  pulsation. 
The  effect  which  follows  in  such  a  case  is  that  the  ninth  partial 
is  still  magnified,  but  not  so  strongly :  and  the  eighth  partial  is 
magnified  too.  Moreover,  in  the  phonogram  these  two  partials 
interfere  with  one  another,  so  as  to  form  that  kind  of  crescent 
and  decrescent  curve  which  graphically  represents  a  *  beat.'  Such 
a  curve,  superposed  upon  a  strong  fundamental,  may  be  seen  in 
Pipping's  phonogram  of  Finno-Swedish  i  (very  like  French  i)  sung 
at  the  pitch  of  261  V.D.    Two  waves  are  here  given.^ 

But  in  speech  that  steadiness  of  glottal  vibration  which 
is  the  property  of  well-simg  vowels  vanishes  completely.  The 
pitch  is  constantly  sliding  up  or  down,  so  that  the  consecutive 
waves  are  continually  changing  in  length,  and  therefore,  as  we 
have  seen  above,  in  shape  also.  Hence  it  is  often  difficult  to  say 
exactly  where  one  wave  ends  and  another  begins;  and  conse- 
quently investigators  hitherto  have  studied  sung  phonograms 
much  more  than  spoken  ones.  It  can  hardly  be  doubted,  however, 
that  this  instability  of  pitch  in  the  spoken  vowel  is  a  further 
cause  of  its  superior  distinctness  to  the  auditory  sense.  In  the 
plexus  of  vibrations,  which  is  presented  by  a  spoken  vowel  to 
the  ear,  the  resonantal  phenomena  are  caused  to  stand  out  more 
strikingly  from  the  glottal  phenomena,  because  the  latter  are 
always  changing  whilst  the  former  remain  sensibly  the  same. 

The  study  of  phonograms  enhances  the  conviction  of  the 

*  Om  Klangfargen  Tios  itfungna  Vokaler,  p.  95.     See  also  Zs.  filr  Biologie,  voL 
xzTu.  p.  1,  and  xxxi.  p.  524. 
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enormous  analytic  powers  of  the  ear:  it  at  the  same  time 
emphasises  the  helplessness  of  the  eye  in  detecting  the  real 
meaning  of  the  phonograms.  A  vowel  phonogram  which  is 
taken  directly  from  Edison's  latest  phonograph,  and  which  we 
therefore  know  to  contain  somewhere,  if  we  could  hut  see  them, 
all  the  elements  of  that  vowel,  is  generally  to  the  imaided  eye  a 
mere  enigma.  We  can  carry  the  visual  interpretation  a  little 
further  by  accurate  measurement  and  calculation :  this  is  done 
by  Fourier's  theorem. 

The  two  kinds  of  waves  already  shown  were  easy  examples 
which  could  be  roughly  analysed  by  the  eye :  the  one  consisted 
of  a  fundamental  crossed  by  another  tone  9  times  as  fast ;  the 
other  of  a  fundamental  crossed  by  two  tones,  one  9  times  and 
the  other  8  times  as  fast.  But  Fourier  showed  that  any 
periodic  wave,  however  eccentric  in  shape,  could  be  analysed 
into  a  fundamental  of  the  same  period,  plus  a  series  of  tones  of 
varying  strength  vibrating  2,  3,  4,  5,  6,  &c.,  times  faster  than 
this  fundamental ;  and  he  showed  how  the  relative  amplitude  or 
swing  of  each  of  these  elements  could  be  determined.  "Wherever 
the  analysis  of  phonograms  is  hereinafter  mentioned  it  is  this 
Fourierian  analysis  which  is  meant.  Its  result  is  often  to  show 
the  appreciable  presence  of  elements  of  which  the  unaided  eye 
had  no  suspicion  whatever. 

But  it  is  one  thing  to  get  a  Fourierian  analysis  of  a  vowel, 
and  quite  another  to  be  able  to  connect  the  several  parte  of 
this  analysis  with  the  several  parts  of  our  sense-perception, — ^its 
musical  pitch,  its  quality  as  this,  that,  or  the  other  vowel,  its 
individual  timbre.  The  musical  pitch  alone  is  always  clear, 
because  it  always  divides  the  phonogram  into  visible  periods. 
The  relative  unrecognisability  of  the  vowel  vibrations  arises 
very  largely  from  a  fact  which  I  had  already  noticed  in  my 
early  work  on  the  whispered  vowels,  before  analysed  phono- 
grams were  accessible,  namely,  that  when  a  vowel  has  two  or 
more  resonances  the  relative  strength  of  the  resonances  is 
unimportant.  "It  only  reaches  prime  importance  when  the 
one  resonance  is  so  strong  as  to  obliterate  the  perception  of  the 
other,  or  when  either  of  them  is  so  weak  that  it  fails  to  produce 
any  impression  at  all  on  the  sensorium."  ^ 

^  PhoTutisehe  StudieUf  vol.  iv.  p.  41. 
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This  was  deduced  from  actual  experiment  and  observation  of 
resonances,  but  the  same  thing  is  often  proved  in  listening  to 
the  phonograph.  A  phonogram  which  is  most  imperfect  to  the 
unaided  ear  often  becomes  delightfully  clear  in  the  hearing 
tubes.  Why?  The  hearing  tube  has  not  made  the  weaker 
elements  relatively  any  stronger,  but  it  has  prevented  them 
being  lost  to  the  sensorium  altogether,  as  they  were  before. 
Even  these  observations,  however,  scarcely  prepare  us  for  the 
enormous  differences  which  we  find  in  phonograms.  Sometimes 
one  resonance  comes  out  in  overwhelming  strength,  sometimes 
another :  even  where  there  are  only  two  resonances  the  result  is 
that  their  phonogram,  mixed  with  glottal  elements,  has  a  variety 
of  form  which  to  the  eye  is  simply  bewildering ;  and  even  after 
a  Fourierian  analysis  it  would  be  a  bold  thing,  as  yet,  to  predict 
the  sound  of  any  vocalic  phonogram  from  a  mere  inspection  of 
the  amplitudes  of  its  elements. 

For  these  elements,  after  all,  are  not  the  pure  resonances 
themselves:  they  are  mainly  the  partials  of  the  sung  note, 
brought  out  and  magnified  by  the  effects  of  the  resonance :  and 
we  can  do  little  more  than  guess  what  the  unbiassed  resonances 
really  would  be,  by  noting  what  partials  they  tend  to  magnify. 
Sometimes  it  happens,  especially  when  the  resonance  is  deep 
aud  the  sung  note  is  high,  that  the  resonance  does  not  coincide 
very  closely  with  any  partial  of  the  sung  note.  Therefore  it 
magnifies  nothing,  and  makes  no  visible  appearance  at  all  in  the 
phonogram :  in  the  Fourierian  analysis,  too,  its  small  arithmeti- 
cal value  is  partitioned  between  adjacent  partials,  and  cannot  by 
auy  possibility  be  separately  recognised  and  estimated.  Hence 
there  are  many  phonograms  in  which  one  or  more  of  the  reso- 
nances, which  we  otherwise  know  to  be  present,  can  neither  be 
distinguished  by  the  eye  nor  by  analysis  from  among  stronger 
elements. 

The  strongest  cases  of  this  kind  are  those  where  a  vowel  is 
simg  at  a  pitch  higher  than  that  of  one  or  more  of  its  resonances. 
In  such  a  case  the  resonance  always  seems  absent  from  the 
phonogram,  at  any  rate  to  the  eye :  I  do  not  think  a  series  of 
such  waves  has  ever  been  analysed,  but  the  arithmetical  value 
of  the  resonance  must  in  any  case  be  exceedingly  small.  This 
is  probably  the  chief  reason  why  all  vowels  suffer  more  or  less 
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in  quality  at  very  high  pitches.  I  find  practically  that  it  is 
useless  to  seek  traces  of  a  resonance  n  except  in  phonograms 
which  are  sung  at  the  pitch  ^ti  or  lower.  It  is  useless,  for 
example,  to  look  for  resonances  under  300  V.D.  except  in 
phonograms  sung  helow  150  V.D. 

One  very  remarkable  feature  of  vowel-curves  is  well  illus- 
trated by  the  second  of  Pipping's  examples  above  given.    The 
resonance  of  vowels,  so  far  as  it  is  exhibited  in  magnified 
partials  of  the  glottal  note,  is  discontinuous:  it  takes  a  fresh 
start  at  each  pulsation  of  the  glottis.    The  resonance  exhibited 
in  this  phonogram  executes  just  about  8J  V.D.  to  one  V.D.  of 
the  glottal  note.    Therefore,  if  it  had  been  continuous,  it  would 
have  entered  the  second  wave  of  glottal  note  at  the  half-wave  of 
its  own  vibration.    In  technical  language  its  phase  would  have 
been  precisely  reversed :  the  second  half  of  our  figure  would  have 
exhibited  a  pit  wherever  the  first  half  has  a  pinnacle,  and  a  pin- 
nacle wherever  it  has  a  pit.     But  it  does  not :  the  vibrations 
which  crossed  the  first  wave  die  with  it,  and  a  fresh  beginning  is 
made  in  the  same  place  as  before.    This  is  a  very  remarkable 
property :  it  is  universal  in  phonograms :  it  doubtless  aflfords  to 
the  ear  an  important  criterion  for  separating  resonantal  from 
strictly  glottal  vibrations,  i.e.,  in  enabling  it  to  make  separate 
cognition  of  vowel  quality  and  musical  tone.    It  proves,  also, 
that  in  the  air  of  the  stoma  resonance  must  subside  very  rapidly. 
This  is  doubtless  due  to  the  inelastic  softness  of  its  walls. 

One  very  important  feature  of  phonograms  remains  to  be 
noticed.  Every  phonogram  comes  to  us  through  the  medium  of 
some  vibrator.  The  pains  of  the  inventors  have  been  successful 
in  removing  from  most  of  the  phonograms  recently  published 
the  suspicion  of  containing  elements  belonging  really  to  the 
vibrator  itself.  The  vibrators  used  have  always  been  carefully 
devised  so  as  not  to  vibrate  in  any  rhythm  proper  only  to  them* 
selves,  but  simply  to  report  faithfully  vibrations  received  from 
without.  Yet  no  vibrator  can  do  this  with  absolute  faithful- 
ness. Each  has  its  own  preferences  and  limitations.  It  has 
especially  what  may  be  called  its  *  field  of  view.'  Every  sound 
which  is  well  within  a  certain  range  is  fully  recorded:  near  the 
boundaries  of  that  range,  whether  upper  or  lower,  it  is  recorded 
more  feebly :  above  or  below  those  boundaries,  not  at  all.    In 
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the  haman  heariug  apparatus  this  property  of  our  human 
vibrator,  the  tympanum,  is  largely  provided  against  by  the 
muscle  called  tensor  tympani,  which  is  83  placed  as  to  operate 
strongly  in  increasing,  when  necessary,  the  tension  of  that 
organ.  The  tenser  or  harder  in  texture  is  the  vibrator  em- 
ployed, the  better  it  is  suited  for  recording  high  vibrations,  and 
vice  versa.  Pipping's  vibrator  was  a  membranous  structure 
made  to  represent  the  tympanum.  Hermann  has  almost  always 
used  plates  of  mineral  substances, — latterly  the  vibrating  plates 
of  Edison's  phonograph.  The  result  is  a  remarkable  general 
contrast  between  their  curves,  Pipping's  field  of  view  being 
generally  lower  than  Hermann's,  so  that  the  glottal  tone,  the 
deepest  element  of  the  period,  generally  comes  out  as  a  visible 
rise  and  fall  of  the  whole  curve;  but  not  always.  Pipj»ing's 
phonograms,  also,  have  always  rounded  pits  and  pinnacles.  This 
ifl  because  his  recording  pen,  or  lever,  makes  a  slight  friction 
against  the  glass,  which  prevents  it  recording  its  extreme  swing, 
either  way.     Hermann's  are  much  sharper. 

The  remaining  phonograms  shown  in  our  diagram  are  those  of 
a  few  waves  of  Hermann's  German  long  a,  a  vowel  resembling 
the  English  a  hifaiher,  in  a  somewhat  Londinised  pronunciation. 
It  is  here  sung  at  G  99,  A  110,  B  124,  and  c  132  V.D.  respec- 
tively, the  ordinary  talking  pitches  of  a  male  voice.  Their  sizes 
are  magnified  about  three  times.  ^ 

These  are  typical  Edisouian  phonograms,  and  they  prove 
beyond  dispute  that  the  vibrators  of  the  phonograph  are, 
strictly  speaking,  nearly,  if  not  quite,  deaf  to  the  ordinary 
speaking  pitches  of  a  male  voice.  For  it  is  seen  at  a  glance 
that  in  these  curves  there  is  no  perceptible  fundamental  wave. 
There  are  well-marked  periods,  and  these  periods  are  precisely 
those  of  the  glottal  note ;  but  the  general  rise  and  fall,  which 
would  indicate  in  each  period  the  presence  of  the  fundamental 
glottal  tone,  is,  so  far  as  the  eye  can  judge,  totally  wanting. 
Yet  these  identical  phonograms  will  reproduce  to  the  auditory 
sense  strong  notes  of  G,  A,  B,  and  c.  How  is  this?  The 
received  theory  of  hearing,  as  propounded  by  Helmholtz,  and 
elaborated  by  V.  Hensen,  says  that  the  ear,  by  means  of 
the  membranx  Ixsilaris,  analyses  every  musical  tone  into  its 

^  PflUgers  ArehiVf  vol,  xlvii  p.  347. 
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Fourieriau  elements  or  partiala.  But  if  the  above-depicted 
curves  are  so  analysed,  the  fundamental  element  practically 
vanishes.  Why,  then,  is  it  not  silent  in  the  reproduction  of  the 
phonogram  ?  Hermann  says  that  our  theory  of  hearing  is  incom- 
plete, and  that  the  ear  must  possess  somewhere  the  power  of 
recognising  everything  which  is  periodic  in  a  sound-impression  as 
tone,  of  the  given  period  or  pitch. 

To  follow  out  this  controversy  would  be  foreign  to  the  present 
purpose,  but  another  point  disputed  between  Hermann  and 
Pipping  is  very  pertinent  here.  What  is  the  true  meaning  of 
the  little  cross- vibrations  ?  What  are  they?  Pipping  says  they 
are  all  partials  or  combinations  of  partials  of  the  glottal  note. 
So  does  Henaen,  Analyse  them,  they  say,  into  partials,  and 
there  is  nothing  else  left:  the  analysis  is  exhaustive.  True, 
replies  Hermann,  but  that  result  was  a  foregone  conclusion  when 
you  began  to  analyse  by  that  method.  Look  at  these  little 
waves  carefully,  measure  them  accurately,  and  you  will  find 
that  they  are  never,  except  by  accident,  exact  partials  of  the 
glottal  note.  They  are  quite  independent  vibrations,  having 
nothing  to  do  with  the  glottal  note  at  all,  except  that  they  take 
a  fresh  start  at  each  glottal  period. 

It  will  be  gathered  from  the  preceding  exposition  that  I  do 
not  entirely  subscribe  to  either  of  these  theories.  There  is  much 
truth  in  both :  the  whole  truth,  I  fear,  in  neither.  A  resonance 
is  not  so  much  a  sound  as  a  possibility  of  sound,  which  only 
comes  into  actual  existence  in  proportion  as  it  receives  stimula- 
tion. The  vowel  resonances  always  receive  stimulation  enough 
from  the  glottal  percussion  and  friction  to  make  them  just 
sensible  to  the  ear ;  but  it  is  often  the  lot  of  one,  and  some- 
times of  more  than  one,  of  them  to  coincide  pretty  nearly  with 
some  partial  of  the  glottal  note,  and  then  that  partial  is  greatly 
magnified. 

Closely  adjacent  partials  often  profit  also  by  this  influence, 
while  remoter  partials  are  damped.  These  prominent  cross- 
vibrations  therefore  are,  in  the  main,  made  up  of  magnified 
discontinuous  partials  of  the  glottal  note,  but  they  contain  an 
independent  element  also  which  persists  with  the  articulation 
imder  every  change  of  note. 

It  is  Burprising  to  find  that  the  known  resonances  of  a  given 
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vowel  may  often  be  quite  invisible  in  good  phonograms  of  it, 
and  may  remain  still  midiscoverable  when  these  phonograms 
are  analysed.  How  is  it,  then,  that  these  phonograms  can 
strongly  reproduce  the  vowel  ?  In  the  first  place,  the  Fourierian 
analysis  ignores  all  inharmonic  elements :  it,  in  effect,  partitions 
them  among  the  harmonics  or  partials.  The  exhaustiveness  of 
a  Fourierian  analysis,  therefore,  proves  little  here  beyond  the 
correctness  of  the  calculation :  a  sensible  degree  of  independent 
resonance  may  exist  all  the  time,  and  yet  may  not  appear  in 
any  recognisable  shape  in  the  analysis.  In  the  second  place,  it 
may  be  noted  that  vibrations  which  in  themselves  are  exceed- 
ingly weak,  such  as  those  which  determine  the  timbre  of  voices 
and  of  musical  instruments,  are  often  quite  clearly  heard  as 
qualifications  of  a  strong  substantive  sound.  Now  the  substan- 
tive sound  in  a  sung  or  spoken  vowel  is  the  musical  note,  and 
the  vowel  only  ranks  as  a  qualifying  element.  Under  these 
circumstances  it  may  easily  have  an  audibility  far  beyond  its 
own  inherent  force.  In  the  third  place,  Hermann's  above-noted 
observations  show  that  under  certain  circumstances  loud  tone 
may  proceed  from  elements  which  are  almost,  if  not  quite,  undis- 
cx)verable  in  the  analysis  of  the  phonogram.  In  the  fourth  place, 
a  Fourierian  analysis  never  represents  exactly  what  takes  place 
in  the  creation  of  a  phonogram.  It  exhibits  with  perfect  truth 
a  series  of  partials  of  given  amplitude  and  given  phase,  which, 
if  all  impressed  simultaneously  upon  a  given  particle,  would 
cause  it  to  describe  exactly  the  vibration  depicted  in  the  original 
complex  curve.  But  such  an  analysis  fails  precisely  in  that 
particular  which  is  the  distinguishing  mark  of  these  cross- 
vibrations  :  it  assumes  that  the  amplitude  of  each  partial  will 
be  constant  throughout  the  whole  of  each  glottal  period,  which 
is  just  what  never  can  happen  with  these  brief  intermittent 
resonances,  besides  being  flatly  contradicted  by  the  visible 
features  of  the  phonograms. 

Are  we  then  to  neglect  the  evidence  of  Fourierian  analyses  ? 
Not  at  all ;  but  let  us  use  them  for  what  they  are — approximate 
analyses  of  the  musical  note,  in  which  the  vowel  resonances 
only  appear  incidentally  and  indirectly,  by  reason  of  their  power 
of  magnifying  those  partials  with  which  they  may  happen  to 
coincide.    The  two  examples  of  Fourierian  analysis  which  are 
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given  below  are  taken  from  an  article  by  J.  D.  Boeke  of  Alkmaar 
in  Pfiilgers  Arckiv,  vol.  1.  p.  297.  They  are  analyses  of  curves 
taken  directly  from  the  record  made  on  an  ordinary  Edison 
cylinder,  by  Dutch  long  aa,  spoken  at  the  pitches  named.  The 
vowel  resembles  the  a  in  the  English  word  many  as  spoken  by 
educated  Northern  Englishmen,  but  prolonged  The  analysis  is 
carried  to  twelve  partials. 


Pitch  of 
Wave. 

Number  and  Magnitude  of  each  Partial. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

1-21 
0-21 

175V.D.,     . 
184    „ 

1 
1 

1-31 
0-81 

1-80 
0-73 

4-19 
0-77 

8  09 
2-01 

3-73 
0-71 

4*41 
1-45 

4-50 
0-58 

0-30 
0-61 

1-74 
0-06 

0-82 
0-43 

It  will  be  observed,  on  scanning  these  two  series  of  magni- 
tudes, that  each  of  them  rises  to  a  temporary  maximum  at 
various  points.  The  most  marked  maximum  is  on  the  5th 
partial  in  both  cases — 875  and  920  V.D.  respectively.  Next  in 
point  of  distinctness  is  that  maximum  which  reposes  on  the  7  th 
and  8th  partials  of  the  first  curve,  and  on  the  7th  of  the 
second, — 1312  and  1288  V.D.  respectively.  There  is  a  third 
maximum  on  the  2nd  partial  of  the  first  curve — 350  V.D. :  this 
resonance  comes  out  very  strongly  in  some  other  curves  of  the 
same  vowel.  Two  less  decisive  maxima  are  also  to  be  dis- 
cerned, the  one  on  the  10  th  partial  of  the  first  curve  and  the 
9th  of  the  second — 1750  and  1656  V.D.  respectively;  and  the 
other  on  the  12th  of  the  first  and  the  11th  of  the  second — 
2100  and  2024  V.D.  One  of  these  maxima  recurs  in  other 
phonograms. 

But  these  are  only  rough-and-ready  estimates.  Hermann,  in 
calculating  resonances  of  this  kind,  adopted  what  he  called  a 
centre-of-gravity  {Schwerpttnkt)  calculation, — e,g.,  to  ascertain 
the  first-named  resonance  of  the  first  curve  given  above,  he 
would  probably  take  into  account  not  only  the  5th  partial,  but 
also  the  4th  and  6th,  and  proceed  as  follows : — 

(4  X  4'19)+(5  X  809)+(6  x  373) 
JN  - 175  X  ^4.jL9  ^  8-09  +  373) 
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thus  multiplying  the  fundamental  pitch  by  the  '  mean  partial  * 
of  the  leinf  oroement  to  find  the  pitch  number  of  the  resonance. 
Pipping  here  objects,  saying,  in  effect,  that  this  calculation 
assumes  the  4th,  5th,  and  6th  partials  to  be  equidistant  from 
each  other,  although  in  a  musical  point  of  view  they  are  not, — 
the  distance  between  a  4th  and  a  5th  partial  being  4  semitones, 
whilst  that  between  a  5th  and  a  6th  is  but  3 :  their  musical 
distances  being  not  proportional  to  (5-4)  and  (6-5),  but  to 
(log  5-log  4)  and  (log  6-log  5)  respectively. 

Follovdng  this  view,  I  have  used,  in  estimating  resonances 
from  Fourierian  data,  the  following  formula  :— 

a'  logjp'+g"  log  jp"+a^^'  log  j>"+  etc. 
^^P-  a'+a"+a'"+ etc. 

where  p',  p'\  p'"  are  successive  integers,  the  numbers  of  the 
partials  involved,  and  a\  a",  a"'  are  their  amplitudes :  p  is  then  the 
*  mean  partial,'  and  when  multiplied  by  the  pitch  number  it  gives 
the  estimated  resonanca  But  the  difference  between  this  and 
Hermann's  calculation  is  only  considerable  when  the  fundamental 
or  some  other  of  the  lowest  partials  is  involved.  In  looking  for 
maxima  of  this  kind,  let  it  be  remembered  that,  unbiassed  by 
resonance  or  by  vibrators,  the  partials  have  a  general  tendency 
to  decline  in  amplitude  as  they  recede  further  from  the  funda- 
mental The  annexed  table  shows  the  results  which  have  fol- 
lowed from  examining  Hermann's,  Pipping's,  Boeke's,  and  other 
phonograms  in  the  manner  just  sketched. 

The  arrangement  of  that  table  is  based  upon  a  further  inves- 
tigation, the  detailed  description  of  which  would  require  another 
article.  Following  up  a  hint  of  Helmholtz^  respecting  the  i 
vowel,  I  pointed  out  in  my  Cardiff  paper  (1891),  and  in  my 
articles  in  the  Fhonetische  StudieUy  1890-2,  the  probability 
that  every  cardinal  vowel  derives  one  chief  resonance  from  the 
anterior  or  oral  part  of  its  articulation,  and  another  from  the 
posterior  or  pharyngeal  part.  The  resonances  of  column  ^  are 
those  which  are  found  to  be  due  to  the  anterior  tube  or  cavity 
of  the  articulation.  This  assignment  is  fairly  certain,  because 
it  can  be  confirmed  by  direct  observation  in  whisper,  by  the 

*  Sens,  of  Tone,  p.  107. 
VOL.  XXXL  (N.S.  VOL.  XL)  R 
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behaviour  of  imitative  cavities,  and  by  careful  measurement  and 
calculation.  The  column  a  contains  the  resonances  assigned  to 
the  posterior  cavity.  This  assignment  is  less  certain  than  that 
of  column  j8,  because  none  of  these  resonances  lend  themselves 
to  direct  observation  in  whisper.  But  the  only  ones  which  are 
not  fairly  confirmed  by  measurement  and  calculation  are  those  of 
w ;  arid  here  the  posterior  articulation  itself  is  still  somewhat 
obscure.  Columns  7,  S,  and  e  contain  resonances  respectively 
lower  than,  intermediate  to,  and  higher  than  a  and  13.  The  7 
resonances  have  so  far  been  found  in  all  a  vowels,  and  in  those 
only.  They  seem  possibly  due  to  the  trachea  (see  previous 
article  on  The  Genesis  of  Vowels,  p.  233).  The  <S  resonances  are 
confined  to  the  tube-vowels  i  and  e.  They  do  not  always 
appear,  and  are  possibly  due  to  an  intradental  cavity  which 
forms  itself  in  front  of  the  articulation  when  the  tongue  is 
much  arched.  The  e  resonances  are  confined  to  the  middle  or 
*  expansible '  series  of  vowels.  It  is  diflBcult  to  see  any  organic 
cause  for  their  production.  They  seem  to  be  related  to  the 
fi  resonances  very  nearly  in  the  ratio  of  3  to  2,  but  whether 
this  relationship  is  necessary  or  in  any  sense  causal  does  not  yet 
appear. 

The  resonances  of  wide-mouthed  cavities  are  much  less  sharply 
defined  than  those  of  narrow-mouthed  cavities.  Hence  the 
resonances  of  the  expansible  vowels  often  have  effects  spreading 
over  several  adjacent  partials  of  the  sung  note.  Such  reso- 
nances are  indicated  in  the  table  by  the  letter  c(=  circa). 
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POST-MORTEM  ARTIFICIALLY  CONTRACTED  INDLAN 
HEADS.    By  Herbert  Page,  M.D.,  D.P.H.,  Redditch. 

Some  time  ago  two  specimens  of  artificially  contracted  Indian 
heads,  received  by  a  townsman  from  a  relative  long  resident  in 
Gualaceo,  Ecuador,  were  submitted  for  my  inspection.  Being 
interested  in  the  matter,  I  carefully  examined  them,  and  looked 
up  the  subject  from  scattered  authoritative  sources.  I  submit 
the  annexed  summary  and  the  details  of  my  examination  of  the 
two  specimens. 

Artificially  contracted  human  heads  have  been  known  in 
Europe  for,  I  believe,  about  forty-five  years.  The  specimens 
belong,  almost  without  exception,  as  far  as  I  can  ascertain,  to  the 
Indian  tribes  of  South  America.  Specimens  are  not  now  rare, 
but  can  be  met  with  in  several  of  our  own  and  various  Continental 
museums.  The  more  warlike  and  independent  tribes  of  Indians 
seem  to  be  the  chief  contributors  of  specimens.  Perhaps  the  most 
frequent  source  are  the  Javaros  Indians,  living  on  the  east  side  of 
the  Andes ;  other  contributory  tribes  of  the  West  Amazon  are 
the  Mundurucus,  the  Makas,  the  Dyaks,  the  Canelos,  and  the 
Pinbuc  Indians.  The  names  *  Momea '  and  *  Chancha '  are,  I  learn, 
commonly  given  to  the  specimens  by  the  natives.  The  object  of 
the  preparation  of  the  heads  is  to  preserve  them  as  trophies  of 
valour,  but  occasionally  they  become  idols  or  oracles.  Wood,  in 
his  Natural  History  of  Man,  vol.  ii.  p.  575,  says,  "  the  Mun- 
durucus perpetuate  the  memory  of  valiant  deeds  by  preserving 
a  trophy  of  the  slain  enemy.  Indeed,  this  is  the  only  way  in 
which  it  is  possible  to  preserve  the  accounts  of  their  valour ;  and 
the  Mundurucus  follow  in  this  respect  the  example  of  the 
Dyaks  by  cutting  off  and  preserving  the  head  of  the  dead  man." 
Usually  these  preserved  heads  are  considerably  contracted,  but 
one  authority  states, — "The  Mundurucus  preserve  the  heads 
of  their  enemies,  but  leave  them  the  natural  size." 

The  following  is  a  list  of  known  specimens  I  have  been 
enabled  to  compile : — 

1853.  London.    Specimen  of  Indian  Javaros  exhibited,  only 

1  in.  high. 
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I860.*     „  Speoimen  found  with  tools  in  ancient  grave 

at  Pisciken. 

1862.      „  Specimen  called  an  '  idol's '  head. 

1874  May.        Two  exhibited  at  Anthropological  Institute, 

London.  One  reduced  (circumferenti- 
ally)  to  11  in.,  the  other  9J  in. 

1882.  London.    Specimen  exhibited,  called  '  head  of  Incas.' 

The  British  Museum  possesses  4f  or  more  specimens ;  Brigh- 
ton Museum,  1 ;  Manchester  (Owens  College),  1  (very  perfect) ; 
Cambric^e  University,  3 ;  Antiquarian  Museum,  Edinburgh,  1 J  ; 
Edinburgh  University  Anatomical  Museum,  1 ;  Dublin  Univer- 
sity, 1 ;  Berlin  University  (Ethnolog.  Department),  3, — the  1st, 
received  from  German  consul  at  Panama  in  1868,  described  at 
the  time  as  the  '  skull  of  an  Aztec ' :  this  error  arose  by  the 
arrival,  also  from  Panama,  by  the  same  ship  of  a  company  of 
Aztecs  or  Pigmies,  on  tour  in  Europe.  It  turned  out  to  be  the 
head  of  a  Javaros  Indian,  and  was  stated  to  be  "  the  first  specimen 
seen  in  Europe."  Vienna  Public  Museum  possesses  3  specimens, 
and  there  are  3  more  in  the  Pathological  Museum.  This  makes 
27  known  specimens.  Further,  I  am  informed  trustworthily  that 
a  good  number  of  specimens  are  to  be  paet  with  in  Italy, — Pro- 
fessor Giglioli  being  an  authority  on  the  subject. 

Mode  of  preparation. — ^This,  as  related  by  various  authorities, 
differs  slightly.  It  is  said  to  have  been  described  by  an  American 
traveller  "0.,"  who  travelled  in  Ecuador  and  published  his 
Travels  aloTtg  the  Negro  River  in  1880-81,  but  I  am  unable  to 
trace  the  book.  Sir  John  Lubbock,  in  **  Notes  on  the  Macas 
Indians,"  Journal  Anthrop,  Inst.,  1874,  says  "  the  process  is  very 
simple.  The  heads  are  boiled  for  some  time  in  an  infusion  of 
herbs,  the  bones  are  then  removed  through  the  neck,  heated  stones 

*  Communication  to  Ethnological  Society,  London,  1860,  by  Mr  M.  Bollaert, 
on  the  Idol  Human  Head  of  the  Jivaro  Indians. 

t  Guide  to  British  Museum — American  Sec,  under  Brazil : — **  Gases  86-88  have 
in  the  Ethnographical  Gallery  two  preserved  heads  from  Mundurucas  on  the 
Amazon,  two  shrunken  heads,  prepared  by  Javaros  Indians." 

t  The  specimen  in  the  Antiquarian  Museum,  together  with  one  in  the  posses- 
sion of  Dr  Alfred  Pullar,  were  described  by  Professor  Duns  in  Proc,  Boy,  Soe, 
EdinMirgh,  vol.  xiii.  p.  621,  1886.  A  specimen  is  also  in  the  Pitt-Rivers 
GoUection  in  the  Oxford  Museum,  and  one  was  shewn  by  Dr  Stolpe  to  the 
Medical  Society  in  Stockholm.— Epitor. 


^ 
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are  then  put  into  the  hollow,  and  they  are,  when  cool,  replaced  by 
others.  The  head  dries  and  contracts.  A  string  is  then  run 
through  the  head,  by  which  it  is  suspended  in  the  hut."  Wood, 
in  his  Natural  History  of  Man^  says,  the  Mundurucus  and 
Dyaks  ''  cut  off  the  head  with  his  bamboo  knife,  removes  the 
brain,  soaks  the  whole  head  in  a  bitter  vegetable  oil  called 
'  anderoba,'  and  dries  it  over  a  fire  or  in  the  sun.  When  it  is 
quite  dry,  he  puts  false  eyes  into  the  empty  orbits ;  combs,  parts, 
and  plaits  the  hair,  and  decorates  it  with  brilliant  feathers ;  and 
lastly,  passes  a  string  through  the  tongue,  by  means  of  which  it 
can  be  suspended."  BoUaert  says, "  After  a  war,  the  heads  of 
the  victims  are  cut  off,  the  skull  and  its  contents  removed,  and 
a  heated  stone  (it  is  said)  is  introduced  into  the  hollow  of  the 
skin,  desiccation  goes  on,  and  it  is  reduced  to  about  one-fourth, 
retaining  some  appearance  of  the  features."  *'  A  double  string 
is  attached  to  the  top  of  the  head,  so  that  it  may  be  worn  round 
the  neck.  The  lips  are  sewn  together,  and  a  number  of  strings 
hang  from  them,  the  use  of  which  is  not  apparent." 

Simson  {Jourrvcd  Anthrop.  Inst.^  1880)  says,  "To  produce 
these  ghastly  objects,  the  skin  is  cut  round  the  neck,  and 
the  entire  covering  of  the  skull  removed  in  one  piece ;  they  are 
gradually  dried  by  means  of  hot  stones  placed  inside ;  the  head 
shrinks  to  the  required  size."  He  says  also, "  the  Pinbuc  Indians 
have  a  very  perfect  and  finished  method  of  scalping,  by  which  the 
victim's  head  is  reduced  in  size  to  that  of  a  moderately  large 
orange,  maintaining  tolerably  well  all  the  features ;  .  .  .  .  the 
nose,  of  course,  acquires  too  much  prominence." 

The  attached  strings. — ^These,  it  will  be  observed,  are  for 
suspension  "in  the  hut"  (Lubbock);  " in  the  malocca  or  council- 
house  "  (Wood) ;  "  round  the  neck  "  (BoUaert).  "  The  use  of  the 
Up  strings  is  not  apparent "  (BoUaert). 

Customs  or  Ceremonies  connected  with  the  heads, — Sir  John 
Lubbock  says,  "  the  head  is  abused  by  the  owner,  then  answered 
by  a  priest  speaking  for  the  head,  after  which  the  mouth  is  sewn 
up  to  prevent  any  chance  of  reply."  Wood  says,  "  when  the  chief 
gives  orders  for  a  feast,  the  proud  owner  of  the  head  arrays  him- 
self in  his  most  magnificent  suit  of  feathers,  fetches  his  prize 
from  the  malocca,  fixes  it  upon  the  point  of  his  spear,  and 
parades  himself  before  his  companions  in  aU  the  glory  of  an 


POST-MORTEM  ARTinCIALLY  CONTRACTED  INDIAN  HEADS.     255 


acknowledged  brave."  Bollaert  says,  "  a  feast  ensues,  when  the 
victor  abuses  the  head  roundly,  to  which  the  head  is  made  to 
reply  in  similar  terms,  the  Indian  priest  being  the  spokesman 
for  the  head  or  chancha  (an  Indian  name  for  a  sow),  and  he  con- 
cludes Ids  part  thus :  '  Coward !  when  I  was  in  life  thou  didst 
not  dare  to  insult  me  thus ;  thou  didst  tremble  at  the  sound  of 
my  name.  Coward !  some  brother  of  mine  will  avenge  me.' 
The  victor  at  this  raises  his  lance,  strikes  and  wounds  the  face 
of  his  enemy,  after  which  he  sews  the  mouth  up,  dooming  the 
idol  to  perpetual  silence  excepting  as  an  oracle,  questions  being 
put  to  it  when  the  inquirer  is  under  the  spell  of  a  narcotic." 

Financial  value  of  these  heads, — As  far  as  I  can  ascertain, 
this  ranges  from  £20  to  £28  for  very  good  specimens.  At  New 
York  it  is  said  one  can,  through  the  proper  channels,  "  get  as 
many  as  you  like  at  £25  each."  The  owner  of  the  heads  I 
examined  informed  me  that  the  relative  from  whom  he  received 
them  vnrote  that  he  sent  his  son  into  the  interior  to  the  Indian 
tribe  to  fetch  them ;  also,  that  some  time  previously  he  sold  a 
similar  specimen  for  28  dollars  (£5, 12s.),  which  was  reported 
to  have  been  subsequently  resold  by  the  purchaser  to  a  museum 
for  £70,  and  that  another  specimen  which  had  been  obtained  by 
a  Frenchman  vras  purchased  for  the  Berlin  Museum  for  1700 
francs  (£68). 

Experiment — I  learn  from  a  distinguished  anatomical  authority 
in  England,  that  if  a  dried,  preserved  human  head  be  softened  in 
boiling  water,  and  by  means  of  an  incision  along  the  occiput  the 
soft  parts  be  peeled  from  the  bone,  it  will  shrink  in  exactly  the 
same  manner  as  these  preserved,  contracted  Indian  heads. 

The  specimens  examined  by  the  author  were : — 

Two  specimens  received  at  Redditch — sex  and  age, — Two  small 
decapitated  heads,  both  apparently  male:  vertical  height  of 
larger  one  9  cm. ;  of  smaller,  8  cm.  The  larger  is  by  far  the 
more  perfect,  possibly  about  25-30  years  of  age ;  the  features 
are  remarkably  well  preserved,  the  expression  calm  and  not 
mipleasing.  The  other  head  is  considerably  smaller ;  and  though 
equally  well  preserved,  the  features  are  not  so  well  marked,  the 
expression  is  less  calm  and  pleasing,  the  left  ala  of  nose  is 
wanting.  It  is  apparently  slightly  younger  and  of  a  different 
racial  type. 
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General  obaertxUion~~external  eioamwiaiion.^rhe  beads  are 
perfectly  dry,  of  wooden  harduesa,  and  jet  bLick  in  colour,  matt 
surface.  The  rows  of  papUlse  of  the  skin  are  dlatinctly  visible, 
particularly  in  the  smaller  bead ;  no  artificial  deformation  is 
present  in  either  specimen.  The  heads  dolichocephalic,  and  tiie 
features  are  sharp,  the  zygomatic  arches  well  marked,  the  jaws 
slightly  pn^nathous,  more  particularly  those  of  the  smaller 


Poitii  of  decapitation. — The  point  of  decapitation  in  the 
smaller  head  is  3  cm.  below  the  lobe  of  the  ears ;  the  aperture  of 
the  neck  is  ovoid ;  the  int^ument  is  reflected  over  an  ellipse 
(35  X  3  cm.)  of  wood,  to  which  it  is  lashed  by  37  continuous 
overcast  stitches  of  twisted  hempen  cord.  Tbe  point  of  de- 
capitation iu  tbe  lai:^er  head  is  2  cm.  below  the  lobe  of  ears ;  the 
ellipse  is  2'5  X  2  cm     There  are  no  attachments. 

Odour. — The  odour  of  the  heads  is  distinctly  aromatic  and 
bituminous,  specially  marked  in  tbe  smaller  head.  The  hair  of 
the  smaller  head  feels  slightly  unctuous,  and  has  the  aromatic 
odour.  In  the  hair  of  the  lai^r  head  the  unctuousneea  is 
absent,  and  the  odour  very  faint. 

Nose.' — The  extremity  of  the  nose  iu  the  smaller  head  ia 
everted  upward ;  it  is  1'5  em.  wide,  and  projects  2  cm.  from  the 
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root  of  the  organ.    The  nostrils  are  very  slightly  elliptical ;  tlie 


colurona    ot    tU©  Beptum  ifl    broad.    The  nose  in  tho  larger 
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specimen  is  straight,  otherwise  similar  to  that  of  the  smaller. 
The  left  ala  is  wanting;  and  several  patches  of  loss  of  the 
bituminous  substance  are  noticeable  about  the  nose. 

Lips. — The  lips  of  the  larger  head  are  of  the  '  Negro '  type, 
prominent,  and  8  cm.  thick ;  they  are  pierced  by  3  wooden  pegs 
5  cm.  long;  the  edges  of  the  apertures  are  rounded  like  that 
present  in  the  ear  lobes.  The  lips  of  the  smaller  head  are  less 
everted  and  prominent,  and  through  and  from  them  depend  42 
brownish-coloured  twisted  cotton  cords,  arranged  in  4  skeins, 
each  23  cm.  long. 

Eyes. — The  eyelids  only  are  present ;  the  palpebral  apertures 
in  the  smaller  head  are  half  open,  are  small,  and  horizontal  in 
direction.  The  superciliary  ridges  are  prominent  and  the  eye- 
brows thick ;  the  hair  is  5  mm.  long,  directed  towards  the  outer 
angle  of  the  eye.  The  eyelids  in  the  larger  head  are  closed,  the 
superciliary  ridges  not  marked,  and  their  hair  unnoticeable. 

Ears. — The  ears  in  both  specimens  are  perfectly  preserved, 
are  markedly  developed,  and  have  large  lobes.  In  both 
specimens  each  lobe  is  pierced,  and  carries  a  short  wooden  peg, 
directed  backwards. 

Hair, — ^The  hair  of  the  larger  head  is  very  abundant,  jet 
black,  smooth  and  wiry,  and  is  53  cm.  long.  That  of  the  smaller 
head  is  also  abundant,  a  very  deep  chestnut-brown  colour,  and 
extremely  silken  to  the  touch.  In  both  cases  the  hair  is  firmly 
attached  to  the  scalp. 

Race. — From  these  considerations,  the  racial  type  of  the  heads 
indicate  the  '  American ' ;  at  all  events,  it  is  not  *  Negro.' 

Suspensory  Cords. — Through  the  vertex  of  each  head  a  double 
two-braided  cord  of  hemp  is  passed,  for  the  purpose  of  suspen- 
sion. The  cord  attached  to  the  larger  head  is  35  cm.  long ;  it 
is  tied  to  a  loose  cross-piece  of  wood  inside  the  head,  beyond 
which,  through  the  neck  aperture,  one  portion  of  the  cord  pro- 
jects 28  cm.  The  total  length  of  this  cord  is  about  100  cm. 
In  the  case  of  the  smaller  head,  the  suspensory  cord  is  28  cm. 
long,  and  ends  inside  the  head.     Its  length  is  about  60  cm. 

Read. — At  the  back  of  the  neck  in  both  cases  an  incision  has 
been  made  from  the  divided  neck-tissues  to  the  position  of  the 
superior  curved  line  of  the  occipital  bone,  and  subsequently 
closed  by  continuous  stitches.     In  the  case  of  the  smaller  head 
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there  are  small  areas  of  soft  tissue,  corresponding  to  the  posterior 
superior  angle  of  both  parietal  bones. 

Internal  examination, — Owing  to  the  smallness  of  the  heads, 
of  the  apertures  of  the  neck,  and  hardness  of  the  tissues,  digital 
examination  is  difficult ;  and  owing  to  the  dark  staining  of  the 

.  tissues,  examination  of  the  interior  of  the  heads  by  light  is  un- 
satisfactory. As  far  as  can  be  ascertained,  every  particle  of  the 
boues  of  the  skull  has  been  removed. 

Microscopic  and  Chemical  examination, — A  fragment  taken 
bom  the  neck  (transverse  section)  showed  (x  450)  normal 
connective-tissue  and  fat  cells,  with  glandular  tissue  and  a  hair 
bulb.  The  yellowish  stain  from  the  preservative  materials  ex- 
tended about  half-way  through  the  sections  of  the  tissues  exam- 
ined. Chemical  examination  showed  traces  of  Ca,  heavy  traces 
of  NH3.  much  CI.  Na.  and  P.  Considerable  traces  of  tannin. 
The  tissues  readily  softened  in  boihng  water ;  they  also  yielded  a 
brownish-yellow  solution  to  alcohol  and  ether.  They  were  readily 
inflammable,  giving  ofif  much  smoke  and  an  aromatic  odour. 
Microscopic  examination  of  some  fragments  from  the  interior  of 
the  heads  showed  resinous  particles,  no  crystals  of  bases,  but  a 
few  clusters  of  mucor  mucedo.    The  hairs  from  the  scalps  proved 

•  to  be  round  and  smooth ;  detached  cylinders  of  medullary  sub- 
stance were  visible  in  the  hairs  from  the  larger  head.  The  sus- 
pensory cords  proved  to  be  hemp;  those  of  the  lips  of  the  smaller 

bead,  cotton. 

Leading  Anthropological  Data. 

(For  comparative  purposes  a  male  European  skull  was  used.) 

Weight :  Skull  640  gms.    Large  Head  355  gms.    Small  Head  55  gms. 

Cranial       [  Skull  .       .  9952  gms.  vol.  1470  c.c. 

capacity  in  <  Large  Head  1050    „  „      144  „ 

No.  6  shot  ( Small  Head    505     „  »        72   „ 

Cranial       j  Skull  .       .  2355  gms.  vol.  1082  c.c. 

capacity  in  <  Large  Head    255     „  „      162   „ 

fine  sand     ( Small  Head    125     „  „        78  „ 

Cephalic  Index :  Skull    .  78*8.     Large  Head  8-2.     Small  Head    7*9. 
Facial  Angle  „  80-0'  „       46-0°  „  40-0** 

of  Negro  69-0"     Gorilla       31-8''     Dog  25-0" 

Remarks, — ^The  heads  examined  were  probably  prepared  by 
Javaros  Indians,  or  one  of  their  neighbouring  tribes.  It  does 
not  appear,  and  I  am  told,  that  these  tribes  do  not  preserve 
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or  mummify  any  other  part  of  the  body.  A  distrngaishiiig 
feature  in  the  larger  h«ad  examined  is  the  presence  of  wooden 
pegs  in  the  lips  and  ears.  This  custom  does  not  appear  to  have 
been  noticed  in  any  of  the  notes  I  have  been  able  to  refer  to, 
nor  is  it  noted  in  any  of  the  specimens  of  which  I  have  collected 
notes.  The  presence  of  lip  pegs  in  the  larger  head,  and  of  lip 
strings  in  the  smaller  specimen  deserve  notice.  Closure  of  the 
lips,  by  either  pegs  or  strings,  may  be  only  alternative  or  dis- 
tinctive tribal  customs,  to  indicate  absence  of  organic  function, 
except  when  the  head  is  consulted  as  an  oracle.  Similarly, 
if  the  ear-attachments  indicate  abolition  of  the  function  of 
that  organ,  we  should  have  expected  cords  to  have  been  used 
(as  in  the  lips)  in  the  case  of  the  smaller  head.  Possibly  pegs 
or  cords  may  be  used  indifferently  in  the  same  head  for  symbolic 
purposes.  On  the  other  hand,  these  ear-attachments  may  be 
simply  ornaments.  Notice  cannot  fail  to  be  taken  of  the  long, 
black,  coarse,  wiry  hair  of  the  larger  head,  contrasted  with  the  nut- 
brown,  fine,  silky  hair  of  the  smaller  head.  Another  differentia- 
tion of  the  heads  is  the  presence  of  sutures  in  the  divided  tissues 
of  the  neck  of  the  larger  head;  their  absence  in  the  smaller 
specimen.  There  were  no  artificial  eyes,  no  trace  of  tattooing  or 
coloration,  of  feathers,  or  other  decorations,  on  either  head.  The 
usual  amount  of  contraction  of  these  preserved  heads  is  estimated 
by  Ballaert  as  "  above  one-fourth."  The  measurements  of  the  two 
specimens  submitted  to  me  indicate  a  shrinkage  of  not  less  than 
one-tenth,  computed  both  for  size  and  weight.  The  extreme 
limits  would  appear  from  my  notes  to  be  from  natural  size  to 
2*5  cm.  (1  ia).  The  relative  proportion  of  Na.  and  CI.  found  in 
the  fragments  of  the  neck  tissue  I  examined  chemically  would 
suggest  that  common  salt  played  an  important  part  in  their  pre- 
paration, or  that  the  water  in  which  they  were  boiled  (if  so  treated) 
was  rich  in  the  salts  of  these  elements,  whilst  the  tannin  and 
phosphorus  were  probably  contributed  by  the  vegetable  used  as 
the  astringent  or  tanning  agent.  From  the  colour,  aromatic 
odour,  hardness,  and  inflammability  of  the  tissues  of  the  smaller 
head,  it  is  suggested  that  bitumen  or  other  resinous  substances, 
by  the  aid  of  heat,  were  used  in  the  process  employed. 

Appended  are  the  details  of  the  results  of  the  examination  of 
these  shrunken  Indian  heads  from  South  America. 
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Data. 


SkuUfor 
comiMffiMii. 


1.  Weight, 

1)  Cranial  capacity  (in  No.  6  shot, 

4.)  (in  fine  Band,     . 

(Mexican  1830  gms.,  Peravian  1234,>-Topinard). 
6.1  <inNo.  6Bhot, 

&  >  By  volume  <in  Na  8,         .  .  . 

7.)  (in  fine  sand,  . 

Cephalie  MeaturtmenU. 

B.  Antero-poiterior.  maTfmiiiw 
9.  TnuiiTene,  mazunnm, 

10.  Vertical  (basilo-bregmatic), 

11.  Oodplto-mental, 

12.  Cernoo-bregmatic, 
11  Fh)nto*mental, 
U.  Inter-anral,    . 

16.  Intar-malar,  . 
le.  Inter-pazietaL 

17.  „    -TerUoal. 

18.  A]4nUo-mentai, 

Cephalie  Meaturement  {curved  by  tape). 

VI  Oreamf erence  at  ■npereillaiy  line, 
20.  Vertex,  inter-aural,  ..... 
tL  Inter-parietal,  ..... 

2S.  Face    Yertical  (L.  Jaw  to  horizontal  of  vertex),  . 

55.  Naao-vertex  +  aummlt  to  end  of  noee, 

14.  Cephalic  index,  ..... 
K.  ttuBimX  angles  (Gamper'BX  Negro  69*,  Gorilla  81*6% 

Dog  26(r, 

56.  „  „  (Cavier's),  .  .  .  . 
27.  „  „  cCloquete),  .  .  .  . 
».      „          „     (Jaoqnart'sX  .... 


Mieeellaneoue  MeaeuremenU. 

20.  Length  of  hair  from  vertex,  maximum, 

80.  ,,       „       avMnge, 

81.  ..       „       on  saperdliary  ridget, 


9* 


82.  Ifoath,  inter-angalar,  over  lip,     . 

88k  Lips,  thick.,  ..... 

84.  Wooden  pegs  (8)  through  lips,  length, 
36.  „  .,  „        diameter, . 

36.  Bar,  vertical  diameter,        . 

37.  „    transverae  diameter,    . 
8&    „    lobe,  vertical  diameter, 

39.    „    wooaen  peg  through  rlflmt  lobe  (thick.  2  nmi. 
■40.    ..  ..  ,.         left 


11 


tt 


fi 


>f 


4t  Bye,  palpebral  aperture,  transverae, 

42.  Noae,  nostrils,  .... 

43.  Neck,  circumference  at  point  of  decapitation, 

44.  „     aperture  „  „ 

46.  ,,     skin,  thick,  at  nape, . 
46L  Chin,  width,  ..... 

47.  Suspensory  cord,  lensth  85  cm.  x  2+28  from  inside 

Iwger  head,  Induoing  knot,— Total,  say, 

48.  Suspensory  cord  of  small  head,  length  88x2,  in 

eluding  knot, —Total,  say, 


gms. 

040 

096-2 

1094*7 
286-6 
c.c. 

1470 

1648-6 

1088 


cm. 

18"0" 

14-2 

14-6 

28-6 

11-0 

12-0 

12-6 

18-0 

18-0 

16-0 

10-2 


61 
82 
21 

17-6 

••• 

78-8 

80*0 
88-6 
72-0 
86-0 


«»• 
•  •• 


Smaller 
Head. 


866 
1016 

1110 
266 

144 

161 
102 

cm. 
9-0" 
7-4 
7-2 
12-2 
7*0 
6*9 
7*8 
0-8 
0-8 
9-4 
4-0 


24*6 
18-6 
10-0 

9-0 
a+2)9-0 

8-2 

40-0 
88*0 
40-0 
40-6 


68 

27 

6  mm. 

cm. 

4-6 

•8 

4-6 
•2 
2*2 
2-0 
1-0 
1-8 
2-2 

10 

4x4  mm. 

om. 

16-0 

8-6x8 

4  mm. 

10 

100 


Larger 
Head. 


66 
606 

665 
126 

72 

75- 
78 


cm. 

7-4* 

6-7 

7-0 

9-4 

0-5 

6-6 

4*1 

4-6 

6-4 

0-1 

8-2 


21 

14-2 

7-5 

8-0 

(4+2-8)  6*8 

7-9 

40-0 
40*0 
46-5 
52-0 


24 
18-6 
none 
cm. 
4-5 
indistin- 
guiahable 

lips  tied 

• 

2-0 
2-0 
*6 
1-6  broken 
base  up- 
wards 
1-0 
4x4  mm. 
cm. 
100 
2-6x2 
2  mm. 
1-4 


70 


*  Lips  tied  with  42  cotton  cords,  arranged  in  three  skeins,  each  28  cm.  long. 

Assuming  that  the  relative  shrinkage  of  the  heads  is  uniform 
throughout  all  parts,  and  that  it  has  been  a  fraction  less  than 
one-tenth,  as  indicated  by  these  observations,  the  observed 
cephaUc  indices  support  that  inference,  and  classify  the  indi- 
viduals as  mesaticephalic. 


THE  GLANDS  OF  THE  CILIAEY  BODY.  By  Leslik 
Buchanan,  M.B.  Glas.,  Pathologist,  Glasgow  Eye  Infir- 
maty,    (Plate  X.) 

In  the  Archives  jyOphthalmolgie,  1890-1891,  there  appeared  a 
series  of  articles  by  Dr  Nicati  of  Marseilles,  in  which  the 
results  of  a  long  series  of  experiments  and  observations  regard- 
ing the  origin  of  the  aqueous  fluid  in  some  of  the  lower  animals 
were  made  known. 

In  summing  up  his  results,  Dr  Nicati  states  that  the  aqueous 
fluid  is  secreted  by  the  epithelium  of  the  pars  retinae  eiliaris 
together  with  the  vascular  and  lymphatic  channels  surround- 
ing this  part,  which,  taken  together,  he  terms  the  uveal  gland. 

At  the  same  time,  namely  early  in  1891,  Mr  Treacher  Collins, 
in  an  article  published  in  the  TransadioTis  of  the  Ophihalmo- 
logical  Society,  took  a  step  in  advance,  in  showing  for  the  first 
time  the  existence  of  glands  by  means  of  which  the  secretion 
of  the  fluid  might  be  accomplished  in  the  human  and  other 
subjects. 

By  the  use  of  bleaching  agents,  Mr  Collins  was  enabled  to 
show  that  certain  outgrowths  from  the  pigment  epithelium  of 
the  ciliary  region  were  true  glandular  structures ;  and  he  stated 
that  he  considered  that  these  might  possibly  take  part  in  the 
secretion  of  the  aqueous  fluid. 

Since  Mr  Collins'  paper  was  published,  but  little  evidence  has 
been  brought  forward  corroborating  his  observations,  whilst 
many  criticisms,  more  or  less  adverse,  have  been  made ;  hence 
it  has  been  thought  wise  to  publish  the  results  of  some  recent 
work  which  agrees  in  most  respects  with  that  of  Mr  CoUins, 
and  to  illustrate,  so  far  as  possible,  by  means  of  photomicrograms 
sections  of  the  glandular  structures  under  various  conditions. 
Before  doing  so,  however,  it  may  be  well  to  recall  a  few  points 
in  connection  with  the  aqueous  fluid,  and  with  the  anatomy  of 
the  ciliary  body. 

The  aqueous  fluid  is  a  limpid  fluid,  containing  but  a  small 
percentage  of  albumen  and  but  a  trace  of  salts,  which  fills  the 
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anterior  and  posterior  chambers,  permeates  the  vitreous  body, 
and  acts,  most  probably,  as  a  nutrient  medium  for  both  this 
and  the  crystalline  lens.  It  is  the  aqueous  fluid  which  serves 
to  keep  in  health  the  tension  of  the  eyeball  at  a  normal 
standard,  by  means  of  a  well  regulated  adjustment  acting  on 
the  local  vascular  system. 

From  pathological  and  experimental  results,  it  is  found  that 
the  fluid  is  secreted  behind  the  iris,  that  part  of  its  current 
passes  backwards  through  the  vitreous  body,  whilst  the  re- 
mainder passes  forwards  to  and  through  the  pupil  into  the 
anterior  chamber,  whence  it  escapes  by  the  spaces  of  Fontana 
into  the  canal  of  Schlemm. 

By  the  fact  that  when  the  iris  is  either  absent  from  birth, 
or  is  removed  in  toto  by  accident  or  by  operation,  the  tension  of 
the  eyeball  is  maintained  at  the  normal  standard,  it  is  rendered 
most  probable  that  the  iris  itself  is  not  even  a  principal  source 
of  aqueous  fluid.  When  the  ciliary  body  is  excised,  as  has  been 
done,  the  ocular  tension  falls,  and  the  secretion  of  the  aqueous 
fluid  ceases,  showing  that  this  part  of  the  eye,  at  all  events,  is 
intimately  concerned  with  the  elaboration  of  the  fluid. 

Eeferring  now  to  the  anatomy  of  the  ciliary  body,  it  is 
found  that  the  ciliary  region,  which  extends  from  the  base  of 
the  iris  to  the  ora  serrata,  is  divided  into  an  anterior  thickened 
and  folded  portion  and  a  posterior  smooth  portion,  termed 
respectively  the  "  pars  plicata  "  and  the  "  pars  non-plicata." 

Two  sets  of  elements  enter  into  the  formation  of  the  ciliary 
body,  namely,  one  derived  from  the  choroid,  and  consisting  of 
the  muscular  and  vascular  systems,  and  the  other,  the  pars 
cUiaris  retinae,  derived  from  the  retina,  which  lines,  as  it  were, 
the  former  set  internally,  and  is  separated  from  it  by  a  hyaline 
lanuna. 

With  this  set  of  retinal  elements  we  are  specially  concerned, 
it  being  the  secreting  area,  as  it  were,  of  the  aqueous  fluid. 

It  is  composed  of  an  internal  layer  of  elongated  columnar 
epithelial  cells,  which  is  a  continuation  of  the  main  body  of 
the  retina  forwards  from  the  ora  serrata,  and  an  external  layer 
of  cubical,  deeply  pigmented  epithelial  cells,  which  is  continuous 
with  the  layer  of  hexagonal  cells  of  the  retina. 

It  is  from  this  pigmented  layer  of  cells  that  little  processes 
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or  outgrowths  arise,  which  are  easily  seen  in  most  radial 
sections  of  the  ciliary  body,  lying  internal  to  and  abutting  upon 
the  hyaline  lamina,  and  which  Mr  Treacher  Collins  was  first  to 
describe  as  true  glandular  structures. 

These  processes  vary  in  size,  are  mostly  single,  sometimes 
branched,  and  are  always  deeply  pigmented.  They  are  generally 
pear-  or  club-shaped,  and  vary  in  number  in  the  two  parts  of 
the  ciliary  body. 

In  the  pars  plicata  the  processes  are  only  found  at  the 
posterior  portion,  but  they  are  here  most  constantly  seen  and 
are  of  largest  size,  measuring  from  '15  to  '10  mnL  long,  and 
from  '10  to  '05  mm.  broad,  and  averaging  five  in  a  section. 

In  the  pars  non-plicata  the  processes  are  found  to  be  smaller, 
measuring  only  '06  to  '04  mm.  long  and  '04  to  '03  broad,  they  are  in 
much  greater  numbers  than  elsewhere,  averaging  25  per  section, 
but  often  found  to  the  number  of  over  100  per  section,  and  are 
not  of  constant  occurrence. 

In  the  pars  non-plicata  there  is  sometimes  a  thickened  portion, 
where  a  group  of  glands  closely  packed  together  may  be  found. 
It  appears  to  be  the  case  that  the  processes  are  of  almost  uni- 
form occurrence  round  the  whole  ciliary  region. 

By  taking  an  average  of  twenty-five  processes  per  section,  and 
estimating  from  the  thickness  of  the  sections  the  diameter  of 
the  glands  and  the  circumference  of  the  ciliary  body,  it  may  be 
computed  that  the  total  number  in  an  eye  may  be  10,000. 

Eef erring  to  Plate  X.,  fig.  1  is  a  drawing,  from  a  photograph, 
to  represent  the  ciliary  body ;  and  in  its  posterior  surface,  near 
the  posterior  limit  of  the  pars  plicata,  there  are  seen  three  such 
processes  as  above  referred  to.  These  processes  are  pear-shaped 
in  section,  are  smaller  than  the  sulci,  from  which  they  must  be 
distinguished,  and  further,  that  one  of  them  has  a  lumen,  and  an 
opening  upon  the  surface  of  the  ciliary  body,  and  one  only. 

The  glands  must  be  carefully  distinguished  from  transverse 
sections  of  sulci ;  and  it  may  be  seen  that  sulci,  cut  across,  must 
almost  all  have  a  surface  opening,  whilst,  on  account  of  the 
narrow  nature  of  the  lumen,  it  is  extremely  rare  to  find  a  gland 
having  such  an  opening. 

Fig.  2  shows  the  group  of  glands  seen  in  fig.  1  as  three  small 
processes  magnified  highly ;  and  here,  on  account  of  the  lightness 
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of  tbe  pigment  in  the  original,  the  glandular  nature  is  easily 
seen;  a  basement  membrane  bounding  a  cavity  lined  by  large 
qbUb  of  epithelial  nature,  and  having  an  opening  upon  the 
surface  in  one  instance  only. 

Fig.  3  shows  the  position  and  appearance  of  the  processes  or 
({lands  in  the  pars  non-plicata,  with  the  relations  of  the 
structures  to  the  epithelium  above,  and  the  fibrous  tissue  and 
vascular  system  underneath. 

Fig.  4  represents  the  same  portion  of  the  ciliary  body 
deprived  by  bleaching,  of  its  natural  pigment,  and  allowing  the 
relationship  to  be  more  easily  seen. 

Fig.  5  shows  the  appearances  seen  on  making  tangential 
sections  of  the  pars  non-plicata,  and  consequently  getting  trans- 
verse sections  of  the  glands. 

Fig.  6  is  drawn  from  the  same  section  after  bleaching,  and 
shows  very  clearly  the  transverse  section  of  the  tube  of  a  gland, 
namely,  a  ring  of  epithelial  cells,  with  a  central  lumen. 

In  these  sections  one  or  two  capillary  blood-vessels  are  seen, 
lying  near  the  glandular  structures. 

From  these  appearances  seen  in  the  various  figures,  it  is  obvious 
that  the  so-called  processes  are  truly  glandular  structures,  and 
are  not  either  sulci  or  solid  pegs  of  epithelial  cells,  as  has  been 
said  of  them  by  some,  for  the  undoubted  presence  of  a  lumen 
in  certain  instances  renders  this  latter  view  almost  entirely 
impossible. 

For  further  evidence,  sections  of  the  ciliary  body  in  various 
diseases  have  been  examined.  Figs.  7  and  8  represent  a  portion 
of  the  pars  plicata  in  a  condition  of  acute  inflammation  (cyclitis), 
and  it  is  seen  that  the  glands  are  elongated,  distorted  and  dilated 
to  a  marked  extent,  and  probably  are  secreting  more  fluid  and  a 
more  highly  albuminous  fluid  than  normal,  whereas  in  fig.  9  the 
state  of  cicatricial  formation  destroying  the  epithelium,  has  caused 
almost  entire  destruction  of  the  gland  and  its  epithelium,  and 
also  its  functional  activity.  Several  diseases  of  the  eye  have 
been  shown  to  be  in  connection  with  these  structures ;  but  in 
general  only  one  circumstance  must  be  mentioned,  namely,  that 
in  cases  of  acute  inflammation  the  tension  of  the  eyeball  is 
increased,  whilst  in  cases  of  chronic  inflammation  of  the  uveal 
tract  or  ciliary  body  the  tension  of  the  eyeball  is  lowered  per- 
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manently  if  the  ciliary  body  be  atrophied,  but  temporarily  if 
only  blocked  up. 

Regarding  the  function  of  these  glandular  structures,  it  may 
be  said  that  nothing  definite  is  known;  but  on  taking  into 
account  their  position,  their  glandular  appearance,  and  intimate 
connection  with  the  vascular  system,  and  finally  the  fact  that, 
so  far  as  is  known,  only  one  fluid  is  secreted  in  the  eyeball,  it 
seems  very  highly  probable  that  these  structures  are  in  some 
way  connected  with  the  elaboration  of  it.  Further,  if  it  be 
asked,  Are  these  structures  present  in  sufficient  numbers,  pre- 
suming that  they  do  secrete  aqueous  fluid,  to  secrete  it  so 
quickly  as  to  satisfy  the  demands  of  the  occasion?  it  may 
surely  be  answered  in  the  affirmative.  For,  even  though  the 
aqueous  fluid  be  supplied  in  sufficient  quantity  to  refill  the 
anterior  chamber,  after  evacuation,  in  five  minutes,  it  is  not 
necessarily  new  secretion,  but  fluid  drained  forward  from  the  vit- 
reous, which  replaces  that  drawn  ofiF;  and  lastly,  the  tension  being 
lowered,  the  secretion  will  certainly  take  place  more  quickly. 

As  the  methods  of  preparing  the  specimens  have  been  some- 
what different  from  those  usually  employed,  a  few  words  may 
be  permissible  regarding  them. 

The  eyeballs  were  hardened  in  a  weak  solution  of  chromic 
and  acetic  acids,  four  days  sufficing  to  complete  the  process. 
Sections  were  cut  in  gum.  and  stained  in  Kleinenberg's  hemato- 
xylin, and  after  staining,  cleared  with  acetic  acid  and  mounted 
in  glycerine. 

Sections  to  be  bleached  were  immersed  in  a  solution  of 
euchlorine  for  twelve  to  twenty-four  hours,  washed  for  six  hours 
in  water,  and  stained  as  above. 

The  euchlorine  solution  was  prepared  as  follows : — One  dram 
of  chlorate  of  potash  was  put  in  a  stoppered  bottle,  and  three 
drams  of  strong  muriatic  acid  poured  upon  it,  and  the  whole  well 
shaken.  Then,  after  five  minutes  or  so,  three  ounces  of  water 
were  poured  into  the  bottle,  and  the  whole  again  shaken.  The 
result  is  a  solution  of  a  greenish-yellow  gas  in  water,  and  consists 
of  a  mixture  of  chloric  and  chlorous  acids  and  free  chlorine. 

Notwithstanding  the  fact  that  the  sections  have  been  im- 
mersed for  such  a  prolonged  period  in  such  a  highly  acid 
solution,  no  damage  seems  to  have  resulted. 
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Photography  was  performed  by  means  of  Zeiss  apochrom. 
objs.  35  mm.  and  8  mm.  2  and  4  oculars  (project.). 

I  have  also  to  acknowledge  here  my  indebtedness  to  Dr 
Campbell  M'Clure,  of  Glasgow,  who  has  kindly  drawn  the  dia- 
grams in  the  Plate  from  my  photo-micrograms. 


EXPLANATION  OF  PLATE  X. 

Fig.  1.  Eadial  section  of  pars  plicata  of  the  ciliary  body,  showing 
a  groap  of  three  glands,  one  of  which  has  an  indication  of  an  orifice 
at  the  surface,  x  40.  a,  glandular  structures ;  &,  duct  and  orifice ; 
c,  blood-vessel ;  S,  Sclerotic  coat ;  Af,  ciliary  muscle ;  E,  epithelial 
layers. 

Fig.  2.  Portion  of  No.  1,  including  the  glands,  showing  duct  and 
orifice  of  one,  whilst  two  others  have  no  opening.  (Lettering  as 
above.)     x  350. 

Fig.  3.  Radial  section  of  pars  non-plicata  of  ciliary  body,  showing 
numerous  glandular  structures  lying  in  different  planes,  and  causing 
slight  elevation  of  the  epitheHum.     (Lettering  as  before.)     x  100. 

Fig.  4.  Part  of  the  same  section  as  No.  3,  bleached,  showing  a 
blood-vessel  lying  amongst  the  glandular  structures.  (Lettering  as 
above.)     x  150. 

Fig.  5.  Tangential  section  of  pars  non-plicata,  showing  a  group  of 
glands,  most  of  which  have  a  distinct  central  orifice,  x  350. 
(Lettering  as  above.) 

Fig.  6.  Part  of  No.  5,  bleached,  showing  similar  structures  more 
distinctly,      x  350.     (Lettering  as  above.) 

Fig.  7.  Part  of  the  ciliary  body  from  a  case  of  acute  cyclitis, 
showing  glandular  structures  elongated  and  dilated,  bleached,  x  200. 
(Lettering  as  above.) 

Fig.  8.  Part  of  fig.  7  more  highly  magnified,  showing  clearly  the 
tube  of  the  gland  dilated  and  elongated,      x  350. 

Fig.  9.  Part  of  the  ciliary  body  in  chronic  cyclitis,  showing  atrophy 
and  destruction  of  the  epithelium,  and  great  formation  of  fibrous 
tissue,      x  200.     (Lettering  as  above.) 
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A  DESCRIPTIVE  ACCOUNT  OF  THE  GENITAL  APPA- 
RATUS IN  THE  BOAR  AND  IN  THE  PIG.  By  Joseph 
Griffiths,  M.A.  (Cantab.),  M.D.  (Edin.),  F.R.C.S.  (Eng.), 
AssistarU  to  the  late  Professor  of  Surgery  and  Additional 
Examiner  in  Surgery  m  ths  Universitg  of  Carnbridge^  and 
Surgeon  to  AddeTibrooke's  Hospital.    (Platb  XI.) 

The  dififerences  between  the  genital  apparatus  in  a  full-grown 
boar  and  that  in  a  full-grown  pig  are  so  striking  as  well  as 
instructive  that  I  propose  to  give  a  brief  descriptive  account  of 
them.  The  only  essential  difference  between  a  boar  and  a  pig 
is,  that  the  latter  is  deprived  of  its  testicles — the  chief  and 
dominating  sexual  glands — during  the  first  weeks  of  its  life : 
and  the  differences  that  exist  between  the  sexual  organs  of  each 
undoubtedly  result  from  the  loss  of  the  influence  the  testes 
naturally  exert  upon  the  growth  of  the  accessory  sexual  glands 
and  upon  the  muscles  concerned  in  the  expulsion  of  the  seminal 
fluid. 

It  is  my  intention  to  give  a  description  only  of  the  sexual 
oigans,  as  I  have  elsewhere  entered  into  the  manner  in  which  the 
testes  exert  an  influence  upon  the  growth  of  the  genital  apparatus 
and  upon  the  system  generally ;  and  further,  I  have  shown  that 
no  other  part  of  the  genital  apparatus  possesses  a  like  influence 
(see ''  Observations  on  the  Testes,"  Hunt  Lect  R.C.S.  Eng.,  Lancet^ 
Mar.  1895). 

The  Geniial  Apparatus  of  a  Boar. 

It  would  be  superfluous  to  give  a  description  of  any  part  of 
the  genital  apparatus  of  the  boar  that  does  not  serve  for  com- 
parison with  similar  and  altered  structures  in  the  pig.  There- 
fore, my  description  will  be  confined  to  the  accessory  sexual  glands, 
namely,  the  prostate,  vesiculse  seminales  and  Cowper's  glands, 
to  the  vasa  defereutia,  to  the  so-called  membranous  portion  of 
the  urethra  (intra-pelvic  portion  of  the  genital  part  of  the 
urethra,  according  to  my  own  nomenclature),  and  lastly  to  the 
special  muscles  of  the  penis. 
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The  Prostate  Gland. 

The  prostate  gland  is  of  comparatively  small  size,  and  lies  on 
the  dorsal  surface  of  the  urethra,  just  where  the  genital  ducts 
enter,  and  it  is  partly  under  cover  of  the  overlapping  vesiculae 
8eminale&  It  measures  about  1^  inch  in  length  by  about  1^ 
inch  in  breadth,  being  a  little  larger  in  its  transverse  diameter ; 
it  consists  of  two  lobes  which  by  dissection  can  be  easily  sepa- 
rated from  one  another  (see  PL  XI.  fig.  2).  Each  lobe  is 
divided  into  several  lobules  about  the  size  of  peas,  which  are 
separated  from  one  another  by  thin  partitions  of  fibrous  con- 
nective tissue.  The  fibrous  investment  of  the  whole  gland  is 
insignificant,  and  there  is  nothing  like  the  definite  capsule  seen 
in  the  human  subject.  The  ducts,  of  which  there  are  several 
from  each  lobe,  open  into  the  urethra  in  a  part  corresponding  to 
the  sinibs  prostatieus  of  man.  ' 

The  lobules  into  which  this  gland  is  divided  are,  as  seen  under 
the  microscope,  subdivided  into  smaller  lobules;    and   these 
smaller  lobules  are  surrounded  by  a  thick  layer  of  fibrous  tissue 
in  which  there  are  many  well-formed  unstriped  muscular  fibres. 
From  the  inner  surface  of  this  investment,  which  serves  to  sepa- 
rate the  lobules  from  one  another,  the  septa  proceed,  cmd  pass  in 
between  the  terminations  of  the  gland  tubules  which  are  closely 
packed  together.    The  septa  separating  the  individual  tubules 
are  only  thick  enough  to  carry  capillaries  and  small  blood- 
vessels, and  only  in  places  do  they  contain  unstriped  muscular 
fibres.    The  termination  of  the  tubules  vary  much  in  size,  some 
being  small,  some  large  and  distended  with  secretion,  and  others 
still  of  moderate  size.    In  the  small  tubules*  there  is  a  single 
layer  of  colunmar  cells  lining  the  wall  which  is  constituted  by 
the  thin  septum  above  alluded  to ;  these  cells  have  each  a  small 
round  nucleus  near  the  attached  end,  and  their  protoplasm  is 
finely  granular  and  slightly  opaque.    In  the  large  tubules  the 
cells  are  not  so  regular  in  their  outline  and  arrangement,  being 
somewhat  altered  by  compression  from  the  contained  secretion 
(see  fig.  7). 

It  is  worthy  of  note  that  the  prostate  of  the  boar  differs 
somewhat  from  that  of  man  and  of  the  dog  in  the  fact  that 
there  is  almost  an  absence  of  unstriped  muscle-fibres  in  the 
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inter-tubular  connective  tissue.    They  do,  however,  exist,  but 
not  in  great  abundance,  in  the  larger  septa  between  the  lobules. 

The  Vesiculce  Seminales, 

The  vesiculae  seminales  are  of  very  large  size,  each  lobe 
measuring  3  inches  in  length,  3  inches  in  breadth,  and  about 
1^  inch  in  their  greatest  thickness.  They  lie  one  on  each  side 
of  the  urethra  and  neck  of  the  bladder,  and  enclose  the  urethra 
behind  but  not  in  front.  Behind  the  urethra  they  partially 
embrace  the  prostate  gland  and  almost  obscure  it  Indeed, 
after  a  hurried  examination,  I  concluded  that  these  vesiculae 
constituted  the  prostate  gland,  and  that  the  vesiculae  seminales 
themselves  were  absent,  as  in  the  dog.  This,  however,  is  incor- 
rect, and  I  take  this  opportunity  of  pointing  out  the  error  I  fell 
into  in  my  account  of  this  specimen  in  the  British  Medical 
Journal,  vol.  11, 1895,  p.  1338. 

Each  lobe  is  made  up  of  several  large  lobules  which  in  their 
turn  are  composed  of  numerous  smaller  onea  Both  the  large 
and  the  small  lobules  are  connected  together  by  loose  fibrous 
connective  tissue,  and  the  whole  is  enveloped  in  a  fairly  well 
marked  membrane  of  similar  tissue  constituting  a  capsule. 
Each  lobe  has  a  membranous  duct,  which  is  of  small  size,  and 
which  enters  the  dorsal  wall  of  the  urethra  along  with  the 
termination  of  the  vas  deferens,  to  the  outer  side  of  which  it 
lies. 

The  gland  on  section  is  seen  to  be  composed  of  numberless 
spaces,  filled  with  a  thin,  almost  watery  secretion.  Each  space, 
which  corresponds  to  a  distended  tubule  of  the  gland,  is 
surrounded  by  a  thin  wall  of  fibrous  tissue,  in  which  there  are 
many  unstriped  muscular  fibres.  On  the  inner  surface  of  this 
wall  lies  a  layer  of  tall,  large  columnar  cells  with  granular 
protoplasm. 

Cowper*$  Glands. 

Cowper's  glands,  which  in  this  animal  are  remarkable  for 
their  size,  form  large  three-sided  pyramidal,  firm  masses,  one  on 
each  side  of  the  dorsal  half  of  the  membranous  urethra  (see  PI. 
XI.  fig.  1).  Each  measures  4^  inches  in  length,  and  at  the  distal 
or  lower  end  the  thickest  parts  are  IJ  inch  in  thickness.    Each 
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gland  is  partly  covered  by  a  thick  layer  of  striped  muscle  on 
the  dorsal  surface,  the  fibres  running  outwards  and  backwards 
taking  origin  from  and  ending  in  the  capsule  of  the  gland. 
From  the  distal  end  of  each  gland  a  large  duct  of  about  ^  of  an 
inch  in  diameter  emerges,  and  after  a  course  of  about  1  inch  it 
pierces  the  wall  of  the  urethra.  The  duct,  if  traced  into  the 
gland  substance,  widens  almost  immediately  into  a  large  channel, 
■from  which  other  ducts  pass  outwards  in  various  directions. 
The  lumina  of  the  main  and  secondary  duets  are  so  large,  that 
doubtless  they  act  as  reservoirs  for  the  accumulation  of  the 
secretion  of  the  gland  until  it  is  needed.  In  the  recent  state 
they  are  filled  with  a  very  tenacious,  mucoid  secretion. 

The  gland  substance  is  composed  of  vesicles  or  saccules,  some 
of  which  are  simple,  but  most  are  compound ;  and  their  walls 
are  composed  of  a  thin  layer  of  connective  tissue,  lined  by  a  single 
layer  of  tall,  well-formed  columnar  cells,  with  small  round 
nuclei  near  their  attached  ends ;  the  cells  contain  an  intra-proto- 
plasmic  network,  the  spaces  of  which  are  occupied  by  clear 
protoplasm,  as  in  mucous  glands  (see  PL  XI.  fig.  9).  The  interior 
of  the  vesicle  is  filled  with  the  same  kind  of  material  as  that  seen 
in  the  main  duct,  namely,  a  transparent,  thick,  tenacious,  mucoid 
secretion  which  swells  out  like  gelatine  when  placed  in  water. 

These  glands,  therefore,  secrete  a  thick  substance  which  is 
collected  and  probably  stored  in  the  main,  and,  it  may  be,  also  in 
the  secondary  ducts,  and  from  these  it  is  probably  expressed  by 
the  striped  muscle  already  referred  to  and  lying  on  the  exterior 
of  the  gland. 

The  MemJbraTMus  Urethra. 

The  membranous  urethra  is  long  and  very  large,  measuring  at 
least  an  inch  in  diameter.  Its  lumen  is  large,  and  the  wall  is  com- 
posed chiefly  of  a  thick  layer  of  transverse  striped  muscle  and  of 
a  very  thick  mucous  membrane.  The  striped  muscle  forms,  in 
transverse  section  of  the  urethra,  a  ring  which  is  thick  in  front, 
and  which  gradually  thins  on  the  sides  imtil,  in  the  middle  of 
the  dorsal  surface,  it  is  represented  only  by  fibrous  tissue.  In 
front,  it  measures  5  mm.  in  thickness.  This  is  the  homologue  of 
the  constrictor  urethrae  of  man,  and,  like  that  muscle,  it  begins 
as  a  few  transverse  fibres  (the  Ext.  Sph.  of  Henle  of  man)  on  the 
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ventral  wall,  at  or  near  the  level  of  the  entrance  of  the  genital 
ducts  into  the  urethra :  soon  the  muscle  extends  on  each  side  to 
the  dorsal  surface,  where,  as  I  have  said,  it  thins  out  and  ends 
in  fibrous  tissue.  This  muscle  extends  without  a  break  along  the 
membranous  portion  of  the  urethra  to  the  triangular  ligament, 
in  other  words,'. to  the  root  of  the  penis.  The  muscle  fibres  of 
which  this  is  composed  are  large  and  well  developed,  being  like 
in  every  respect  the  fibres  in  a  natural  skeletal  muscle  (see* 
PL  XI.  fig.  3). 

The  inner  wall  is  very  thick,  measuring  4  mm.  in  a  radial 
direction.  It  consists  of  a  mucous  membrane  and  a  very  thick 
glandular  submucous  tissue.  The  mucous  membrane  is  lined  by 
a  thin  layer  of  stratified  epithelium,  and  this  is  like  every  other 
of  its  kind.  The  submucous  glandular  layer,  which  has  a  distinct 
representative  in  man,  is  very  thick,  and  in  it  there  is  a  remark- 
able development  of  glands.  It  is  divided  by  thin  radial  parti- 
tions of  fibrous  connective  tissue  into  several  wedge-shaped 
areas,  as  seen  in  transverse  sections,  with  their  broad  ends 
outwards.  Each  piece  is  composed  of  areolar  connective  tissue, 
supporting  numerous  and  closely  packed  glandular  tubules  which 
are  of  small  size.  The  tubules,  as  seen  in  transverse  section, 
are  lined  by  a  single  layer  of  sub-columnar  epitheUal  cells 
with  round  nuclei  and  granular  protoplasm:  each  tubule  is 
surrounded  by  a  single  layer  of  flattened  connective-tissue  cells 
which  form  a  sheath  or  ring  around  it.  All  the  tubules  end  in 
small  ducts,  which  ultimately  lead  to  the  terminal  ducts  which 
open  on  the  surface  of  the  mucous  membranes  of  the  urethra. 
The  lumen  of  this  part  of  the  urethra  is  large,  and  it  would 
seem  that  under  natural  conditions  it  is  more  or  less  filled  with 
secretion  derived  in  all  probabihty  from  these  urethral  glands 
(see  fig.  3). 

Special  Muscles  of  the  Penis. 

These  muscles  are  large  and  well  developed  being  in  appear- 
ance and  structure  like  ordinary  skeletal  muscles. 

Genital  Apparatus  in  a  full-grown  Pig. 

In  a  full-grown  pig,  castrated  when  a  few  weeks  old,  the 
corresponding  parts  of  the  genital  apparatus  are  as  follows  : — 
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The  Prostate  Gland. 

The  prostate  gland  in  the  full-grown  pig  is  so  small  and  so 
closely  adherent  to  the  dorsal  wall  of  the  urethra  that  it  is  with 
difficulty  recognised.  After  dissection  from  the  surrounding 
tissue,  it  is  seen  as  a  circular,  disc-Uke  swelling,  with  a  convex 
outer  surface.  It  measures  about  }  inch  in  diameter  and  about 
^  inch  in  thickness  (see  PL  XL  fig.  5).  On  transverse  section  it 
is  seen  to  be  quite  distinct  from  the  wall  of  the  urethra  its  ducts 
traversing  the  central  parts  and  the  glandular  substance  occupy- 
ing the  periphery.  Under  the  microscope,  the  gland  is  seen  to  be 
composed  of  slightly  branching  tubules,  embedded  in  and  widely 
separated  from  one  another  by  an  abundant  fibrous  stroma.  The 
gland  tubules  are  rudimentary,  and  but  slightly  branched ;  they 
are  lined  by  a  single  layer  of  subcolumnar  cells  which  surround 
a  small  lumen.  The  intertubular  connective  tissue  is  chiefly 
fibrous.  In  the  substance  of  the  larger  septa  there  are  unstriped 
muscular  fibres  which  are  in  a  more  or  less  dwindled  state  (see 

fig.  8). 

The  Vesundce  SemincUes. 

The  vesiculae  seminales  are  represented  by  two  small,  fiat, 
bean-like  masses  which  are  firm  and  composed  of  small  compact 
lobules  held  together  by  means  of  loose  areolar  tissue.  Each 
lobule  is  1  inch  long,  and  }  to  ^  of  an  inch  broad  (see  PL  XI. 
fig.  4).  The  gland  is  composed  of  a  number  of  tubules  with 
thick  walls  consisting  in  the  main  of  fibrous  connective  tissue, 
with  a  few  unstriped  muscular  fibrea  These  tubules  are  lined 
by  a  sii^le  layer  of  sub-columnar  cells.  In  many  of  the  tubules 
there  is  a  small  lumen,  but  in  others  the  interior  is  filled  with 
irregular-shaped  cells.  The  tubules,  which  are  grouped  together 
into  a  lobule,  are  connected  by  somewhat  dense  fibrous  connec- 
tive tissue,  but  the  lobules  themselves  are  connected  only  by  a 
small  amount  of  loose  areolar  connective  tissue. 

Cdoper's  Glands. 

Cowper's  glands  are  small  elongated  pyramids.  They  measure 
2  inches  in  length  and  ^  of  an  inch  in  thickness  at  the  lower 
and  larger  end  (see  PL  XL  fig.  4).  The  striped  muscle  on  the 
oater  surface  is  correspondingly  smalL    They  are  mainly  com- 
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posed  of  ducts,  which  are  filled  with  a  mucoid  secretion.  The 
peripheral  part  of  the  gland  is  composed  of  numerous  closely- 
packed  vesicles  which  have  hardly  any  lumen ;  these  are  lined 
by  a  single  layer  of  subcolumnar  cells  with  small  nuclei  near 
their  attached  ends  and  with  clear  protoplasm  (see  fig.  10). 

The  Memhranous  Urethra.' 

The  intra-pelvic  portion  of  the  genital  part  of  the  urethra  is 
comparatively  of  small  size,  being  no  more  than  ^  inch  in 
diameter.  The  constrictor  urethrse,  though  contracted  to  its 
full  extent,  as  the  urethra  is  almost  closed  and  not  open  as  in 
the  specimen  from  the  boar,  measures  only  4  mm.  in  a  radial 
direction  in  front,  and  it  appears  tough  and  fibrous,  unlike  the 
healthy,  well-formed  muscle  of  the  boar.  The  submucous 
glandular  layer  is  also  of  small  size,  measuring  in  a  radial  direc- 
tion only  3  mm.  (see  fig.  6). 

Under  the  microscope,  the  muscle  is  found  to  be  composed  of 
fibres  that  are  about  half  the  size  of  the  normal ;  they  are  strongly 
fibrillated  in  a  longitudinal,  but  only  feebly,  if  at  all,  in  a  trans- 
verse direction.  There  is,  indeed,  the  absence  of  the  transverse 
striation  so  characteristic  of  well-formed  striped  muscle. 

In  the  submucous  glandular  tissue,  the  glandular  partitions 
are  not  nearly  so  broad,  owing  to  the  comparatively  small  number 
of  tubules  ;  these  are  not  very  branched,  but  they  are  like  those 
seen  in  the  boar,  although  more  widely  separated  by  fibrous  con- 
nective tissue. 

Special  Muscles  of  the  Penis. 

The  special  muscles  of  the  penis,  like  the  constrictor  urethrae, 
are  small,  pale  and  fibrous. 

Bemarks. 

We  see,  therefore,  that  the  accessory  sexual  organs  reach  their 
full  development  only  when  the  testes  are  present.  In  the  full- 
grown  pig,  castrated  when  only  a  few  weeks  old,  the  prostate 
gland  is  very  small  and  dense,  and  the  gland  tubules  are  very 
rudimentary.  The  vesiculae  seminales,  which  are  so  large  in  the 
boar,  are  extremely  small  in  the  pig;  the  tubules  are  few  in 
number,  of  small  size,  and  devoid  of  secretion.    The  Cowperian 
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glands  are  similarly  reduced.  The  urethra,  with  its  striped 
muscle — the  constrictor  urethrse — is  also  of  small  size  in  the  pig, 
owing  to  the  smallness  of  the  muscle  that  surrounds  it,  and 
of  the  imdeveloped  glandular  submucous  tissue.  The  chief 
function,  then,  of  the  prostate  gland,  vesiculae  seminales,  Cowper's 
glands,  the  glands  in  the  submucous  tissue  of  the  intra-pelvic 
portion  of  the  genital  part  of  the  urethra,  and  of  the  constrictor 
urethrse  is  genital,  or  sexual.  These  several  glands  serve  to  form 
a  secretion,  which  probably  mingles  with  the  semen,  and  gives  it 
some  properties  that  it  alone  does  not  possess.  The  chief  use 
of  the  constrictor  urethrse  is  doubtless  the  expulsion  of  the 
mixed  seminal  fluid  from  the  urethra.  In  the  boar,  the  urethra 
at  and  immediately  in  front  of  the  place  where  the  vasa 
deferentia  open  into  it  is  dilated  and  very  capacious.  This  dila- 
tation of  the  urethra  closely  resembles  the  prostatic  dilatation 
of  the  human  urethra. 

Are  these  differences  between  the  several  glands  in  the  boar 
and  pig  the  result  of  developmental  growth  ceasing  early,  or  are 
they  due  to  the  failure  of  the  maintenance  of  full  size  and  vigour  ? 
In  all  probability,  indeed  almost  certainly,  this  condition  of 
the  glands  results  from  a  cessation  of  developmental  growth 
before  puberty,  and  from  the  absence  of  the  stimulus  to  further 
growth  rather  than  from  a  retrogression  after  the  attainment  of 
fall  growth.  In  no  stage  of  the  life  of  a  castrated  animal  do  we 
find  the  sexual  glands  fully  developed ;  rather  are  they  small, 
dwindled,  and  fibrous. 

The  only  difference  between  the  pig  and  the  boar  is,  as  I  have 
said  before,  that  the  former  is  deprived  in  early  life  of  his  testes, 
and  that  the  latter  retains  them.  No  one  can,  it  seems  to  me, 
doubt  but  that  complete  castration  prevents  the  full  develop- 
ment of  the  accessory  sexual  glands  and  of  the  muscles  of  the 
urethra  and  penis,  the  function  of  which  is  chiefly  genital.  I 
have  shown  elsewhere  that  if  the  testes  be  removed,  say  from  a 
full-grown  dog,  the  same  glands  dwindle  and  become  fibrous,  and 
the  glandular  tubules  become  reduced  to  a  simple  state, — a  con- 
dition similar  to  that  just  described  in  the  pig. 

The  absence  of  the  testes  prevents,  therefore,  the  development 
of  the  accessory  sexual  glands. 

Is  this  determined  by  the  influence  of  the  central  nervous 
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system,  or  does  it  arise  from  the  absence  of  that  secretion  which 
the  testes,  like  the  thyroid  for  example,  gives  to  the  system? 
It  is  at  present  impossible  to  give  a  satisfactory  answer  to  this 
question,  and  the  problem  is  one  that  will  prove  difficult  to 
solve. 


DESCRIPTION  OF  PLATE  XI. 

Fig.  1.  Front  view  of  urogenital  organs  of  a  full-grown  boar. 
T,  testes ;  Ep,  epididymis ;  V,D,  vas  deferens ;  U,Bl,  urinary  bladder ; 
Ur,  ureter ;  V,Sy  vesiculas  seminales;  COl^  Cowper's  gland;  Mem.Ur, 
membranous  urethra.     Reduced  to  nearly  ^  nat.  size. 

Fig.  2.  Posterior  view  of  urethra  of  a  boar,  to  show  prostate  gland. 
Pr.Glf  prostate  gland.     Kat  size. 

Fig.  3.  Transverse  section  through  the  membranous  urethra  of  a 
boar.  Const.  Ur,  constrictor  uretbrsB ;  MucMemb,  mucous  membrane 
of  urethra  containing  numerous  glands. 

Fig.  4.  Front  view  of  urogenital  organs  of  a  full-grown  pig.  Half 
nat.  size. 

Fig.  5.  Posterior  view  of  urethra  of  a  pig,  to  show  prostate  gland. 
Kat.  size. 

Fig.  6.  Transverse  section  through  the  membranous  urethra  of  a 
pig.     Nat.  size. 

Fig.  7.  X  120.  A  group  of  tubules  of  the  prostate  gland  of  a  full- 
grown  boar,  (a)  tubules  lined  by  a  single  layer  of  columnar  epithelial 
cells ;  {b)  inter-tubular  septa,  in  which  blood-vessels  run ;  (c)  inter- 
lobular septa  which  contain  unstriped  muscular  fibres. 

Fig.  8.  X  120.  A  group  of  undeveloped  tubules  from  the  prostate 
gland  of  a  full-grown  pig.  (a)  tubules  lined  by  a  single  layer  of 
small  cubical  cells ;  (b)  inter-tubular  fibrous  connective  tissue.  The 
iuter-lobular  septa  in  which  the  unstriped  muscular  fibres  lie  are  not 
shown. 

Fig.  9.  X  120.  A  group  of  tubules  of  Cowper's  glands  of  a  full- 
grown  boar,  (a)  tubules  lined  by  a  single  layer  of  tall  columnar  cells 
like  those  of  a  mucous  gland ;  (&)  inter-lobular  connective  tissue. 

Fig.  10.  X  120.  A  group  of  tubules  of  Cowper's  glands  of  a  full- 
grown  pig.  (a)  tubules  lined  by  small,  sub-columnar  cells  with  clear 
protoplasm ;  {b)  inter-tubular  connective  tissue ;  (c)  large  duct. 


ON  THE  OCCURRENCE  OF  AN  APPARENTLY  DIS- 
TINCT PREVOMER  IN  GOMPHOGNATHUS.  By 
R.  Broom,  M.D.,  B.Sc. 

Among  the  Theriodonts  of  S.  Africa  recently  described  and 
figured  by  Prof.  Seeley/  the  most  interesting  forms  to  the 
student  of  mammalian  morpholep  are  the  allied  genera  Gom- 
phognathus  and  Cynognathus.  Of  each  of  those  almost  perfect 
skulls  have  been  discovered,  and  an  examination  of  them  throws 
light  on  a  number  of  intricate  points  in  mammalian  structure. 
In  one  skull  of  Gromphognathus  the  anterior  palatal  region  is 
well  preserved,  and  the  matrix  has  been  removed  with  such 
care  that  the  parts  are  seen  in  almost  as  perfect  condition  as  in 
a  recent  skulL  This  region,  in  this  well  preserved  specimen,  is 
thus  described  by  Seeley^:— "The  palate  has  a  median  choana, 
which  is  ovate.  Through  it  a  cylindrical  bone  like  a  unenam- 
elled  tooth  descends,  so  as  to  project  upon  the  palate.  It  is  in 
the  position  of  the  anterior  end  of  the  vomer  displaced,  but 
there  is  no  proof  of  its  real  nature  to  be  obtained  without 
destroying  the  specimen  by  slicing  it." 

While  recently  in  London,  I  had  the  opportunity,  through 
the  kindness  of  Mr  A.  S.  Woodward,  of  examining  the  original 
specimen.  Seeley's  description,  apart  from  the  figure,  hardly 
conveys  a  clear  idea  of  the  structure ;  and  with  his  view  that  it  is 
in  the  position  of  the  anterior  end  of  the  vomer  displaced,  I  am 
not  inclined  to  agree. 

The  whole  palatal  region,  from  the  posterior  nares  to  the 
front  of  the  snout,  agrees  closely  with  the  mammalian  condition, 
a  perfect  secondary  palate  being  formed  by  maxillary  and 
palatine  plates.  Behind  the  posterior  edge  of  the  palate  there 
is  displayed  a  well  developed  median  ridge,  dividing  the  two 
posterior  nares.  This  median  ridge  unquestionably  belongs  to  the 
vomer  proper — the  homologue  of  the  mammalian  vomer — as  is 
recognised  by  Seeley.    The  premaxillary  portion  of  the  palate 

^  "  Researches  on  the  Structure,  etc.,  of  Fossil  Reptilia/'  Phil.  Trans,,  1894-95. 
*Ibid,,  part  iz.  sect.  4,  "On  the  Gomphodontia,"  FhU.  Trans. ,  1895,  B., 
p.  Id. 
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is  better  developed  than  in  the  majority  of  mammals,  and 
presents  a  few  points  of  diflference  from  the  ordinary  mam- 
malian type.  In  the  '  median  choana '  of  Seeley  there  can  be 
little  or  no  doubt  we  have  the  anterior  palatine  foramina,  sepa- 
rated by  the  median  element.  Though  Seeley  refers  to  this 
latter  as  a  single  bone,  there  is  in  the  original  specimen  an 
indication  of  a  median  suture  dividing  the  apparently  single 
bone  into  two  halves.  These  closely  united  elements  pass 
together  through  the  oval  median  space,  forwards  and  slightly 
downwards,  causing  the  anterior  part  to  project  on  the  palate 
as  a  rounded  papilla.  Behind  the  median  choana  the  premax- 
illaries  again  meet  in  the  middle  line  with  two  large  palatal 
plates. 

With  regard  to  Seeley  s  suggestion  that  the  median  process 
may  be  the  anterior  end  of  the  vomer  displaced,  it  may  be 
noted  (1)  that  the  vomer  in  its  posterior  parts  is  in  undisturbed 
relation  with  the  surrounding  parts,  so  that  the^  anterior  part 
could  only  be  displaced  by  being  broken  away  from  the  main 
body,  a  fracture  which  could  hardly  take  place  without  some 
evidence  of  it  in  the  bones  surrounding  the  vomer,  but  all  of 
which  are  practically  intact;  (2)  that  in  no  known  mammal, 
with  distinct  anterior  palatine  foramina,  does  the  vomer  appear 
on  the  palate  between  them ;  and  (3)  that  the  anterior  edge 
of  the  median  elements  is  rounded  and  smooth,  which  would  not 
be  the  case  had  it  formed  a  suture  with  the  premaxillaries. 

In  almost  all  mammals  there  is  found  between  the  two 
anterior  palatine  foramina  a  paired  osseous  element,  which 
develops  originally  as  a  splint  on  the  inner  and  under  side  of 
Jacobson's  cartilage.  In  the  large  majority  of  forms  this 
element  is  either  formed  in  connection  with  the  premaxillaiy, 
or  i%  early  united  with  it,  forming  its  palatine  process.  In  a 
very  few  mammals  it  remains  throughout  life  quite  distinct  from 
the  premaxillary,  as  in  Ornithorhynchus,  where  it  forms  the 
so-called  'dumb-bell-shaped  bone,'  and  in  the  little  cave  bat, 
Miniqplerus  8ckrdbeT8i\  where  a  condition  is  found  much  like 
that  in  the  platypus ;  ^  while  in  forms  where  Jacobson's  organ  is 
not  developed  the  element  is  usually  quite  absent,  e,g.y  Pteropus, 

^  "  On  the  Homology  of  the  Palatine  Process  of  the  Mammalian  Premaxillary,  ** 
Proc,  Linn.  Soc,  y.S.W,,  vol  z.,  1895,  p.  477. 


OCCUBBENCE  OF  A  PBSVOMER  IN  60MPH06NATHU3.      279 

Nyctophilus,  etc.    For  this  element  I  have  proposed  the  name  of 
*  prevomer.* 

There  seems  to  me  scarcely  any  doubt  that  in  the  bone  under 
consideration  in  Gromphognathus  we  have  this  prevomerine 
element,  so  generally  present  in  mammals  as  the  palatine  process 
of  the  premaxillary.  In  the  relation  to  the  front  and  lateral 
parts  of  the  premaxillary  the  agreement  is  complete,  and  there 
is  little  doubt  that  the  naso-palatiue  canals  passed  up  by  the 
sides  of  the  median  bones,  as  is  the  case  in  mammals.  The 
meeting  of  the  premaxillaries  behind  the  foramina  in  Gompho- 
gnathus,  is  rather  a  reptilian  than  a  mammalian  character  {cf, 
Crocodilus).  In  a  few  Edentates  and  Bodents,  however,  the  con- 
dition is  still  met  with,  and  there  is  a  very  marked  tendency  to 
the  same  condition  in  some  species  of  Macropus.  In  the  Mono- 
tremes,  the  premaxillaries  are  edentulous  and  rudimentary ;  but 
in  the  fact  that  behind  the  naso-palatine  canals  the  outer  parts 
of  the  nasal  floor  cartilages  sweep  inwards  and  meet  each  other, 
we  have  a  strong  suggestion  that  in  the  earlier  forms  the  pre- 
maxillaries likewise  united  behind  the  canals,  after  the  manner 
in  Gromphognathus.  The  downward  projection  of  the  prevomer 
is  more  marked  than  in  any  mammal,  though  in  the  prevomer 
of  Omithorhynchus  there  is  an  indication  of  a  similar  develop- 
ment, whUe  the  very  large  papilla  in  some  marsupials  (e.^.,  Phas- 
colomys)  is  probably  also  related  to  this  downward  projection. 

We  may  thus  conclude  that  the  bony  element  in  Gompho- 
gnathus,  occupying  a  similar  position  to  the  palatine  process 
of  the  premaxillary  in  the  ordinary  mammal,  and  bearing 
apparently  similar  relations  to  the  naso-palatine  canal,  is  the 
homologue  of  that  process,  and  is  thus  a  true  prevomer.  Its 
apparent  independence  of  the  premaxillary  is  strongly  in  sup- 
port of  the  view  that  the  premaxillary  palatine  process  in 
mammals  generally  is  morphologically  a  vomerine  element,  the 
homologue  of  Lacertilian  so-caUed  ^  vomer,'  and  not  a  part  of 
the  premaxillary  proper,  though  usually  ossified  in  connection 
with  it,  or  early  united  to  it.  In  the  Monotremata,  whose 
affinities  with  the  Theromora  have  long  been  recognised,  there  is 
no  palatine  process  to  the  premaxillary  in  either  of  the  known 
genera.  In  Omithorhynchus  the  prevomer  is  a  distinct  element, 
as  in  Gomphognathus ;  in  Echidna  it  is  absent 


ON  AN  APPARENTLY  HITHERTO  UNDESCRIBED 
NASAL-FLOOR  BONE  IN  THE  HAIRY  ARMADILLO. 
By  R.  Broom,  M.D.,  B.Sc. 

Through  the  kindness  of  Mr  F.  E.  Beddard,  I  recently  obtained 
the  head  of  an  adult  DasypvA  vUlostLs,  in  order  to  make  an 
examination  of  the  condition  and  relations  of  Jacobson's  organ 
in  a  typical  member  of  the  Edentata.  I  have  since  made 
sections  of  the  whole  snout,  and  in  examining  these  have  come 
across  a  very  remarkable  and  apparently  hitherto  unnoticed  bone. 
This  is  a  little  paired  bone  lying  in  the  nasal  floor,  and  extending 
from  the  plane  of  the  hinder  part  of  the  anterior  nares  to  about 
the  plane  passing  through  the  middle  of  the  papilla.  Its  being 
for  a  large  part  hidden  by  the  palatal  part  of  the  premaxillary 
probably  accounts  for  its  having  been  missed  by  Parker  in  his 
dissection  of  the  young  Dasypus  figured  in  his  Monograph  on 
the  development  of  the  Edentate  skull.^ 

In  the  transverse  plane  passing  through  the  posterior  border 
of  the  anterior  nares,  the  nasal  septum  is  moderately  developed 
as  a  uniformly  thick  vertical  plate,  giving  off  above  two  well 
developed  alinasals,  which  pass  outwards  in  contact  with  the 
well  ossified  nasals.  From  near  the  outer  ends  of  these  there 
passes  downwards  and  inwards,  on  each  side  a  sort  of  imperfect 
turbinal,  supported  by  a  cartilage,  which  at  this  plane  is  detached 
from  the  alinasal ;  this  is  the  cartilage  of  the  nasal  valve.  Near 
the  lower  part  of  this  imperfect  turbinal,  there  is  a  small  inner 
and  upper  process,  and  in  it  lies  the  anterior  part  of  the  bone 
to  be  described.  This  small  inward  and  upward  passing  process, 
when  followed  back,  is  found  to  be  a  continuation  of  the  ridge 
of  the  inferior  turbinal  On  this  plane  the  anterior  end  of  the 
little  bone  is  elevated  to  the  level  of  the  middle  of  the  nasal 
septum. 

As  we  examine  more  posterior  planes  we  find  the  ridge  and 
bone  passing  more  into  the  true  nasal  floor.  For  some  little 
distance  the  bone  praictically  rests  on  the  lachrymal  duct. 

»  Pha.  Trans.,  1886. 
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In  the  plane  passing  throogh  the  anterior  part  of  the  papilla 
the  following  condition  is  found.  The  septum,  which  anteriorly 
was  a  uniform  cartilage,  is  here  found  giving  off  its  lower  third, 
which  soon  becomes  divided  vertically  into  two  lateral  basal 
cartilages.  The  upper  undivided  part  is  the  true  nasal  septum; 
the  lower  parts  are  due  to  a  peculiar  development  of  the 
trabecular  comua,  which  in  most  mammals  turn  back  by  the 
sides  of  the  septum,  but  which  here  pass  back  below  the  base 
of  the  septum.  Another  peculiarity  is,  that  whereas  in  almost 
aU  mammals  each  trabecular  comu  gives  rise,  in  the  anterior 
part  at  least,  to  a  lateral  nasal-floor  cartilage,  as  well  as  to  the 
septal  part  which  becomes  Jacobson's  cartil^e,  here  there  is  on 
this  plane  no  nasal-floor  cartilage.  The  place  that  would  be 
occupied  by  the  nasal-floor  cartUage  is,  however,  occupied  by  the 
bone  under  consideration;  but  whether  the  absence  of  the 
cartilage  has  given  rise  to  the  bone,  or  the  presence  of  the 
bone  has  aborted  the  cartilage,  I  am  not  in  a  position  to  say. 
Anterior  to  this  plane  the  bone  is  only  present  as  a  compara- 
tively slender  process,  following  the  course  of  the  lachrymal 
duct,  but  here  it  suddenly  sweeps  across  the  space  between  the 
duct  and  the  base  of  the  trabecular  comu,  forming  a  complete 
floor  to  the  nasal  passage.  This  is  the  widest  part  of  the  bone, 
it  being  here  about  3  mm.  broad.  On  this  plane  the  palatal 
part  of  the  premaxiUary  is  not  yet  encountered. 

Behind  this  plane  the  nasal-floor  bone  becomes  gradually 
narrower.  At  its  outer  part  it  becomes  removed  from  its 
relations  with  the  lachrymal  duct,  the  alinasal  taking  its  place 
both  as  a  support  to  the  anterior  part  of  the  inferior  turbinal 
process  and  to  the  duct,  while  internally  the  recurrent  cartilage 
encroaches  on  the  bone  with  a  small  nasal-floor  cartilaginous 
process. 

In  the  plane  passing  through  the  anterior  region  of  the 
palatal  part  of  the  premaxillary  the  bone  has  become  distinctly 
reduced  in  width.  It  practically  rests  on  the  premaxillary, 
though  quite  distinct  from  it,  and  completes  the  nasal  floor 
by  filling  up  the  small  space  between  the  inner  and  outer 
cartilages. 

On  reaching  the  plane  of  the  middle  of  the  papilla  the  bone 
ends,  and  its  place  is  taken  by  the  outer  and  inner  cartilages 
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meeting,  and  forming  a  perfect  cartilaginous  nasal  floor  as  in 
ordinary  mammala. 

In  considering  the  significance  of  the  bone,  it  is  easier  at 
present  to  say  what  it  is  not,  than  what  it  is.  Though  bearing 
close  relations  to  the  cartilages  of  the  nasal  wall  throughout  its 
whole  extent,  the  bone  is  apparently  not  formed  in  cartilage,  and 
probably  not  as  a  splint  to  cartilage. 

The  first  thought  that  would  occur  to  one  as  to  its  homology 
would  be  a  comparison  with  the  dumb-bell-shaped  bone  in 
Ornithorhynchus,  but  on  examination  it  will  be  seen  that  there 
is  no  relationship  whatever  between  the  two.  The  dumb-bell 
bone  is  known  for  certain  to  be  the  homologue  of  the  palatine 
process  of  the  premaxillary,  which  exists  quite  distinctly  in 
Dasypus  further  back  in  the  normal  way.  Nor  can  any  homology 
be  made  out  with  the  prenasal  bone  of  the  pig,  as  the  bone 
under  consideration  has  no  connection  with  the  prenasal  cartilage 
or  the  nasal  septum.  The  relations  of  the  anterior  part  of  the 
bone  with  the  inferior  turbinal  process  suggest  that  it  might  be 
a  rudimentary  inferior  turbinal  bone.  This  view  is  also  found 
to  be  untenable,  as  in  no  known  mammal  does  the  inferior 
turbinal  extend  so  far  forward,  and  also  as  there  is  in  Dasypus  a 
well  developed  inferior  turbinal  bone  posteriorly.  Another  view 
is  suggested  by  the  fact  that  in  the  Monotremes  the  premaxillary 
is  developed  as  upper  and  lower  plates  separated  by  the  large 
rostral  cartilage,  and  the  posterior  relations  of  the  bone  seem 
to  indicate  that  we  might  possibly  have  in  the  premaxillary 
proper  the  lower  and  in  the  nasal-floor  bone  the  upper  plate 
of  the  Monotremes.  Though  the  position  of  the  anterior 
part  of  the  bone  on  the  upper  wall  of  the  external  nasal 
opening  appears  against  this  view,  it  is  not  open  to  such 
serious  objections  as  are  the  other  views.  At  present,  how- 
ever, till  the  development  of  the  bone  is  known,  it  will  be 
safest  to  suspend  judgment  on  the  question  of  its  homology,  and 
to  refer  to  it  merely  as  the  Tuisal-flooT  lone. 


AS  ABNOSJfAL  MUSCLE  OF  THE  HAND,  WITH 
BEMARKS  ON  THE  COURSE  OF  THE  RADIAL 
ARTERY.  By  T.  Wabdbop  Gbifftth,  Profess(yr  of  Anat- 
omy^ Tarkshire  CcUege^  Leeds. 

During  \h%  winter  session  of  1895-96  my  attention  was  called 
to  the  presence  of  an  abnormal  muscle  in  the  hand  of  one  of 
tiie  subjects ;  and  as  I  have  been  unable  to  find  a  description  of 
a  similar  abnormality,  I  desire  to  put  it  on  record.  For  some 
years,  also,  I  have  been  struck  with  the  variations  that  occur  in 
the  relation  of  the  radial  artery  to  the  muscles  of  the  thumb ; 
and  in  dissecting  this  blood-vessel,  I  have  had  impressed  on  my 
mind  the  presence  of  a  ligament  uniting  the  proximal  ends  of 
the  first  and  second  metacarpal  bones,  which  does  not  seem  to 
have  received  the  attention  it  deserves.  I  purpose,  therefore, 
appending  to  the  description  of  the  abnormal  muscle  a  few 
remarks  on  these  two  points. 

The  body  showing  the  abnormality  was  that  of  a  well- 
developed  male.  In  the  left  hand  the  abductor,  opponens,  outer 
head  of  flexor  brevis,  adductor  obliquus,  and  adductor  trans- 
versus  were  normal  The  inner  head  of  the  flexor  brevis  was 
wanting.  The  first  dorsal  interosseous,  which  presented  the 
abnormality,  was  arranged  as  follows.  The  outer  head  was 
normal,  arising  from  the  greater  part  of  the  inner  border  of  the 
first  metacarpal  bone,  and,  as  it  often  does,  from  the  ligament 
uniting  that  with  the  second.  The  inner  head  consisted  of  two 
portions,  which  were  quite  distinct  from  one  another :  (a)  a  dorsal 
part,  coming  from  the  outer  aspect  of  the  dorsal  ridge  of  the  2nd 
metacarpal,  and  posteriorly  from  the  enlarged  carpal  end  of  the 
bone ;  and  (2))  a  palmar  part,  arising  from  a  limited  area  on  the 
palmar  and  radial  aspect  of  the  2nd  bone,  about  \"  from  its 
carpal  extremity.  Parts  (a)  and  (&)  were  quite  separate,  and  at 
their  insertion  they  were  kept  apart  by  the  portion  now  to  be 
described.  This  was  in  bulk  equal  to  (a)  and  {b)  together,  and 
arose  behind  from  the  palmar  aspect  of  the  ligament  uniting 
the  1st  and  2nd  bones,  and  by  a  tendinous  band  which  passed 
from  the  ridge  of  the  trapezium  round  the  inner  side  of  the 
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upper  end  of  the  1st  metacarpal.  I  may  here  mention  that  the 
flexor  carpi  radialis  gave  oEf  a  small  slip  to  the  ridge  of  the 
trapezium  as  it  was  entering  the  groove  in  that  bone,  but  m^ 
dissection  did  not  reveal  any  distinct  connection  between  this 
slip  and  the  tendinouB  band  of  origin  just  noticed.  Arising  in 
this  way,  the  muscle,  on  being  traced  forwards,  was  found  to 
divide  into  two  parts:  (1)  a  small  slip,  which  widened,  and  was 
inserted  for  nearly  one  inch  into  the  radial  aspect  of  the  index 
metacarpal,  just  in  front  of  the  origin  of  the  dorsal  part,  begin- 
ning about  I"  in  front  of  the  carpal  end ;  and  (2)  a  lai^  part. 


it  (^ 


W 

which  passed  on  freely,  and  was  inserted  into  the  outer  aspect 
of  the  base  of  the  1st  phalanx  of  the  index  finger,  behind  the 
palmar  slip,  and  in  front  of  the  conjoined  insertion  of  the  dorsal 
part  and  the  outer  head,  of  which  the  latter  was  superficiaL 
The  radial  artery  came  forward  on  the  ulnar  side  of  this 
abnormal  muscla 

In  the  right  hand  a  somewhat  similar  condition  was  found. 
Thus  the  abductor,  opponena,  outer  head  of  flexor  brevis,  ad- 
ductor obliquuB,  and  adductor  transversus  were  all  normal  The 
inner  head  of  the  flexor  brevis  was  extremely  small,  but  normal 
in  origin  and  insertion.  The  outer  head  of  the  Ist  dorsal  inter- 
osseous was  similar  to  that  just  described  on  the  left  side.     The 
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inner  head  was  again  found  to  consist  of  two  portions, — a  dorsal, 
as  on  the  left  side,  and  a  palmar,  distinctly  larger  than  that  on  the 
left  side,  but  arising,  like  it,  from  the  anterior  and  radial  aspect 
of  the  index  metacarpal.  These  two  heads  were  quite  separate, 
except  at  their  insertion,  and  between  them  was  found  a  very- 
small  fibro-muscular  slip,  whose  origin  had  been  destroyed,  but 
which,  on  being  traced  forwards,  partially  blended  with  the 
dorsal  head  towards  its  insertion,  cmd  partially  was  inserted, 
in  front  of  the  origin  of  that  head,  into  the  dorsal  ridge  of  the 
index  metacarpal.  This  fibre-muscular  band  seemed  to  repre- 
sent the  abnormal  muscle  of  the  left  side. 

I  now  examined  four  hands  in  the  dissecting-room,  with 
special  reference  to  the  1st  dorsal  interosseous  muscle,  with  the 
following  result : — 

Case  I. — (Left  hand). — Outer  head  normal,  arising  from  Ist 
metacarpal  and  from  the  above-noted  ligament  uniting  1st  and 
2nd  bone.  The  inner  head  consisted  of  a  dorsal  part  arising 
from  the  radial  side  of  the  dorsal  ridge,  and  a  palmar  part  aris- 
ing from  about  the  middle  third  of  the  palmar  ridge.  These 
two  parts  were  quite  separate,  except  at  their  insertion. 

Case  II. — (Left  hand). — Outer  head  normal.  Inner  head  con- 
sisted of  a  dorsal  part,  which  arose  from  the  proximal  extremity 
of  the  2nd  metacarpal  bone,  and  part  of  its  dorsal  ridge,  and  of  a 
palmar  part,  which  was  deeper,  and  extended  from  the  dorsal 
ridge  behind  to  the  palmar  ridge  in  front.  Arising  from  the 
neighbourhood  of  the  proximal  end  of  the  1st  bone  was  a  small 
muscle,  which  was  soon  joined  by  a  slip  from  the  proximal 
end  of  the  2nd  bone,  and  pressed  along  to  join  with  the  outer 
head. 

Case  III. — Outer  head  normal.  Inner  head  extended  from  dor- 
sal to  palmar  ridge,  and  could  not  be  distinctly  separated  into  two. 

Case  IV. — Outer  head  normal.  Inner  head  consisted  of 
small  dorsal  part  attached  to  the  proximal  end  of  index  meta- 
carpal, to  part  of  dorsal  ridge,  and  to  the  ligament  uniting  1st 
and  2nd  bones.  This  was  readily  separated  from  a  mass  of 
flesh,  embracing  the  os  metacarpi  indicis  from  its  lateral  to  its 
palmar  ridge.  This  consisted  of  several  portions,  the  separation 
of  which  would,  however,  have  been  artificial 

The  above  observations,  fragmentary  and  imperfect  though 
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they  are,  may  possibly  induce  others  to  look  into  the  anatomy 
of  the  1st  dorsal  interosseous  muscle. 

I  do  not  think  any  of  the  text-books  give  us  accurate  in- 
formation as  to  the  course  of  the  radial  artery  after  it  has 
passed  between  the  two  heads  of  the  1st  dorsal  interosseous 
muscle,  and  prior  to  its  appearance  in  the  palm  of  the  hand 
between  the  margins  of  the  adductor  obliquus  and  adductor 
transversus,  where  it  most  usually  is  found. 

In  the  latest  edition  of  Quain  (vol.  ii.  pp.  237  and  238)  are 
two  diagrams  by  Mr  Thane,  showing  respectively  the  point  of 
appearance  of  the  artery  in  the  palm  between  the  two  adductors 
and  the  interval  between  the  inner  head  of  the  short  flexor  and 
adductor  obliquus,  through  which  the  artery  passes  from  behind. 
It  will  occur  to  most,  that  if  the  artery  plunges  forward  at  the 
radial  or  upper  margin  of  the  adductor  obliquus,  it  is  rather 
strange  that  it  should  appear  at  the  ulnar  or  lower  margin  in 
the  palm.  Still,  this  is  what  it  often  appears  to  do,  and  the 
explanation  is,  I  find,  what  I  anticipated ;  for  manifestly,  if  the 
diagrams  are  correct, — ^and  knowing  Mr  Thane's  accuracy,  I  had 
not  much  doubt  on  that  point, — then,  to  fulfil  the  conditions,  the 
artery  must  in  such  cases  pass  through  the  substance  of  the 
adductor  obliquus. 

In  a  series  of  dissections,  I  found  that  the  radial  artery  passed 
from  the  radial  or  upper  margin  of  the  adductor  obliquus 
through  its  substance  to  the  ulnar  or  lower ;  in  others,  that  it  lay 
altogether  behind  the  muscle,  and  then  passed  forwards  between 
it  and  the  adductor  transversus,  while  in  other  cases  it  passed 
from  the  radial  margin  through  the  muscle  to  its  anterior  surface. 

In  describing  the  muscles,  I  have  made  frequent  reference  to 
a  ligamentous  band  uniting  the  first  and  second  metacarpal 
bones,  passing  from  the  ulnar  side  of  the  proximal  extremity 
of  the  1st  to  the  2nd,  close  to  the  insertion  of  the  extensor  carpi 
radialis  longior.  I  am  confident  we  are  all  acquainted  with  this 
band,  which  is  constant  and  strong,  which  is  tightened  on  abduc- 
tion of  the  thumb,  and  can  frequently  be  made  out  during  Ufa 

This  band  is,  I  find,  carefully  described  and  figured  by 
Humphry  in  his  Treatise  on  the  Human  Skeleton  (1858 
edition,  p.  433,  and  fig.  2,  plate  xxxiii.). 

It  is  also  figured  by  Allen  Thomson  in  the  various  editions 
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of  Qiuiiny  in  Gray's  Ajiatomy,  and  in  Macalister  s  text-book.  It 
is  not  represented  in  Morris's  Work  on  the  Joints,  nor  in  Morris's 
Anatomy,  In  the  letterpress  no  mention  of  it  is  found  in 
Quain,  Gray,  Cunningham,  Morris's  books,  or  ElUs.  Cruveilhier, 
indeed,  states  that  the  metacarpal  bones  are  united  proximally, 
but  the  context  does  not  guide  us  as  to  whether  he  means  the 
four  or  five  bones.  Macalister  states  that  the  bones  are  united 
proximally,  but  the  mention  of  synovial  membranes  would  point 
to  his  referring  only  to  the  four  inner  bones. 

Since  the  above  was  written  (the  paper  was  on  the  list  for 
the  May  meeting  of  the  Anatomical  Society),  a  good  description 
of  the  band,  with  a  photograph  of  it,  has  appeared  in  Cleland  and 
Mackay's  work  on  Anatomy,  published  in  September  of  this  year. 
They  suggest  for  it  the  name  of  the  internal  metacarpal  ligament 
of  the  thumb.  They  say  it "  seems  to  have  escaped  notice,"  but 
in  this  they  are  not  quite  accurate ;  for,  as  I  have  shown  above, 
it  is  figured  in  several  of  the  standard  text-books,  and  by  Pro- 
fessor Humphry  it  has  been  accurately  figured  and  described. 


VAEIATIONS  OF  EIBS  IN  THE  PEIMATES,  WITH 
ESPECIAL  EEFEEENCE  TO  THE  NUMBEE  OF 
STEBNAL  EIBS  IN  MAN.  B7  A.  F.  Tredgold,  London 
Hospital,  London. 

Man  has  normally  twelve  ribs,  divided  into  7  True,  3  False,  and 
2  Floating ;  but  it  has  been  repeatedly  noticed  that  deviations 
from  this  arrangement  may  occur,  as  follows  :— 

l$t,  In  the  number  of  '  Trv^  *  or  vertebro-stemaL  These  may 
be  (a)  increased  on  one  or  both  sides  by  the  8th  or  upper 
false  rib  becoming  a  true  one,  owing  to  its  having  a  direct 
attachment  to  the  sternum;  or  (6),  less  often,  diminished  by 
reduction  in  the  number  of  ribs  which  reach  the  sternum. 

2ndy  By  an  alteration,  generally  increase,  in  the  number  of 
floating  ribs,  in  which  case  the  10th  rib,  instead  of  uniting  with 
the  one  above  it,  remains  free,  like  the  11th  and  12th.  Or,  less 
often,  by  a  decrease,  in  which  case  the  last  but  one,  or  even  the 
last,  may  be  connected  to  those  above,  so  that  there  are  no 
*  floating '  ribs. 

3rd,  By  an  alteration  in  the  totcal  nurnber  of  ribs, — (a)  either 
by  an  increase,  owing  to  the  presence  of  an  additional  one  in 
the  cervical  or  lumbar  regions,  and  this  may  be  on  one  or  both 
sides,  or  (6)  by  a  decrease  in  the  number,  and  this  more  fre- 
quently occurs  below. 

All  these  abnormalities  have  been  pointed  out,  although 
perhaps  the  1st  and  3rd  more  frequently;  and  of  these  two, 
probably  the  1st — or  the  attachment  of  the  8th  costal  cartilage  to 
the  sternum — has  received  the  closest  attention.  Perhaps  this 
is  due  in  great  measure  to  the  singular  fact  that  it  has  a  distinct 
preference  for  the  male  sex  and  the  right  side.  The  cause  of 
this  preference  has  been  investigated  by  many  inquirers,  and 
various  hypotheses  have  been  advanced  in  explanation.  That 
given  by  Professor  Cunningham,  that  it  is  due  to  the  greater  use 
which  man  makes  of  his  right  arm,  certainly  seems  the  most 
reasonable  one;  but  I  believe  that  it  is  not  correct,  and  that 
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anotiier  explanaticai  may  be  given  which  is  probably  more  near 
the  truth. 

From  a  close  investigation  of  specimens  from  ten  genera  of 
the  order  Primates,  one  arrives  at  the  following  conclusions : — 

1^,  That  a  gradual,  but  marked  reduction  takes  place  in  the 
total  number  o/ribs  as  we  rise  in  the  animal  scale. 

2nd,  That  a  coincident  and  proportional  reduction  takes  place 
in  the  number  of  sternal  ribs  with  rise  in  the  animal  scale. 

ird.  That  the  8th  rib  tends,  from  a  sternal,  to  become  a 
costal  one;  and  that  these  various  changes  all  unite  to  bring 
about — 

4^A,  A  gradual  shortemng  of  the  thoracic  cavity  from  below. 

The  specimens  examined  were  obtained  from — 

1.  The  Museum  of  the  Eoyal  College  of  Surgeons. 

2.  The  Natural  History  Museum,  S.  Kensington. 

3.  Dissections  by  Dr  A.  Keith  in  Siam. 

4.  A  few  from  the  London  Hospital  and  other  sources. 
Unfortunately,  about  50  per  cent,  of  the  Museum  specimens 

were  useless  for  this  purpose,  the  costal  cartilages  being  either 
missing  entirely,  their  place  being  taken  by  ingenious  com- 
pounds of  wax,  clay,  cotton  wool,  or  even  steel  springs;  or  if 
present,  bearing  evident  signs  of  having  been  tampered  with. 
Care  has  been  taken  to  exclude  all  of  doubtful  condition,  and 
the  results  given  are  only  of  those  specimens  which  may  be  con- 
sidered quite  reliable. 
The  following  number  of  cases  were  examined  in  each  genus : 


Lemuroidae, 

Platyrrhini, 

Macaci, 

Cercopitheci, 

Semnopitheci, 

Gibbons, 

Orang,    . 

Chimpanzee, 

Gorilla,  . 

Man 


{dark, 
light, 


9  specimens. 

9 
27 

6 
30 
16 
12 
17 

7 

5 
230 


Total,      ....        368 
The  following  tables  give  the  arrangement  found  to  exist  in 
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each  genus, — for  convenience  of  comparison,  given  in  percent- 
ages. 

L — Lemuraida.    (No.  of  Cases,  9.) 

Total  No.  of  Ribs,      .       15  in  45  p.c.     12  *  in  18  p.c.     16  in  15  p.c. 

13  in  11  p.c.     14  in  11  p.c. 

No.  of  Sternal,     .  11   and   12  in  44  p.c         9  in  33  p.c. 

8  in  22  p.c. 

No.  of  Floating,  .       .      0  in  66  p.c.     1  and  2  in  33  p.c. 

Attachment  of  8th  Costal  Cartilage, — Sternal  in  100  p.c;  Costal  in  0. 

*  A  rudimentary  ISth  pair. 

Note. — This,  the  lowest  order  of  the  Primates,  although  apparently 
subject  to  considerable  variation,  well  shows  three  points:  1.  On  the 
average  there  are  more  ribs  than  in  any  other  genus  of  the  order. 
2.  The  shape  of  the  rib  tends  much  more  to  resemble  that  of  the 
Carnivora.     3.  The  8th  rib  invariably  reaches  the  sternum. 

II. — Fiatyrrhtni.     (No.  of  Cases,  9.) 

Total  No.  of  Ribs,      .      13*in77p.c.     14tin23p.c. 
No.  of  Sternal,     .      .       9    in    55    p.c        6    and    7    occasionally, 

8  frequently. 

No.  of  Floating,  .       .       0  in  55  p.c     1  and  2  in  45  p.c. 
Attachment  of  8th  C.C., — Sternal  in  66  p.c. ;  Costal  in  33  p.c 

*  In  one  of  these  a  rudimentary  14th  lumbar  pair. 

t  In  one  of  these  the  14th  pair  are  quite  rudimentary,  being  only  2  cm.  long, 
and  in  another  there  is  a  15th  lumbar  rib  on  the  left  side. 

Note. — This  order  is  exceedingly  comprehensiye,  so  that  consider- 
able variations  occur. 

III. — Cercopitheci.     (No.  of  Cases,  6.) 

Total  No.  of  Ribs,       .       12  in  66  p.c.     13  in  33  p.c 
No.  of  Sternal,     .       .       8  in  100  p.c     9  in  16  p.c 
No.  of  Floating,  .       .       2  in  66  p.c.     3  in  33  p.c 
Attachment  of  8th  C.C., — Sternal*  in  100  p.c;  Costal  in  0. 

*  The  8th  pair  are  fused  together  across  the  base  of  the  ensiform. 

lY. —Macaci.    (No.  of  Cases,  27.) 

Total  No.  of  Ribs,      .       12  ♦  in  100  p.c. 

No.  of  Sternal,     .       .       8  in  96  p.c.     7  in  4  p.c 

No.  of  Floating,  .      .       2  in  76  p.c.     0  in  24  p.c. 

Attachment  of  8th  C.C., — Sternal  t  in  96  p.c  \  Costal  in  4  p.c 

*  In  one  of  these  a  rudimentary  13th  lumbar  pair  present 
t  The  two  fuse  together  across  the  base  of  the  ensiform. 
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Y.-^SemmepiO^vL    (No.  of  Cases.  90.) 

Total  Xo.  of  Riba,      .       12»ml00p.c 
Xa  of  Sterna],     .  7  in  S3  pic     8  in  l-l  pic.    6  in  3  pic 

No.  of  Floating,  .  3  in  4$  p.c.     2  in  10  fLC     0  in  12  p.c 

Attachment  of  8th  CC,— Costal  in  83  p^c;  Stemalt  in  17  p.c 

*  In  one  of  tlien  a  mdimentavj  IStli  IvmlMr  pair 
t  In  one  of  &ae  tts  81k  Ca  nn^ed  the 
in  another  it  ended  loosdj  in  front  of  the  eDsifonn. 


YL—Gibbanf.    (So.  of  Cases;  16.) 

Total  No.  of  Ribs,      .       13*in88p.c     Utinl2p.c 

No.  of  Sterna],  .      7  in  82  p.CL     8  in  18  pic. 

Xo.  of  Floating,  .  Usually  3  or  4. 

Attachment  of  8th  C.C.,— Costal  in  82  puc;  Sternal;  in  18  pic 

*  In  one  of  these  the  13th  is  absent  on  the  right  side. 

t  In  one  instance  the  14th  pair  were  quite  radimentary. 

X  When  the  8th  rib  is  a  tme  one  in  the  gibbon  it  does  not  osoally  fose  across 
the  base  of  the  ensiform  as  in  the  monkeys,  bat  either  ends  by  a  free  extremity 
at  the  outer  side  of  the  base,  or  is  connected  with  the  7th  at  this  ^ot. 


Vn. — Chimpanzee,    (No.  of  Cases,  17.) 

Total  No.  of  Ribs,       .       13»in80p.c.     14  in  20  p.c 

No.  of  Sternal,     .  8  in  54  p.c.     7  in  46  p.c 

No.  of  Floating,  .       .      Varies  from   1,  2,  3,  4.     Not  sufficiently 

reliable  for  figures. 
Attachment  of  8th  C.C.,— Stemalt  in  54  p.c.;  Costal {  in  46  p.c 

*  One  specimen  had  a  rudimentary  cervical  rib  on  each  side  attached  to  the 
contiguous  portions  of  6  and  7  C.  yertebrse ;  the  1st  sternal  rib  in  the  same 
case  articulating  with  the  7th  and  8th  yertebne. 

t  In  two  of  the  cases  classed  as  haying  8  true  ribs,  this  was  only  so  on  the 
right  side,  the  8th  cartilage  on  the  left  side  being  2  cm.  from  the  sternum, — one 
a  male,  the  other  a  female. 

X  When  the  8th  rib  is  costal  in  the  chimpanzee  it  is  attached  to  the  7th  C.C. 
at  a  distance  of  1  to  2  inches  from  the  sternum. 

Note. — In  connection  with  the  chimpanzee  and  gorilla,  there  are 
two  other  points  worth  noting : — (1)  junction  between  the  6th  and 
7th  costal  cartilages  is  frequently  observed ;  and  (2)  that  the  sacrum 
frequently  consists  of  six  pieces. 
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YllL—Gonlla.    (No.  of  Cases,  7.) 

Total  No.  of  Eibs,       .       13  *  in  86  p.c.     12  t  in  14  p.c. 

No.  of  Sternal,     .       .       7  in  72  p.c.     8  in  28  p.c. 

No.  of  Floating,  .       .       Varies  from  1,  2,  3, 

Attachment  of  8th  CO., — ^Costal  J  in  72  p.c. ;  Sternal  in  28  p.c. 

*  One  case  having  a  rudimentary  left  lumbar  rib  1}  inches  long, 
t  One  case  having  12  ribs  on  right  side  and  only  11  on  left. 

X  The  8th  cartilage  is  usually  fused  with  the  7th  from  1}  to  2  inches  from  the 
sternum. 

IX. — Orang.    (No.  of  Cases,  12.) 

Total  No.  of  Eibs,      ,      1 2  *  in  84  p.c.     1 3  in  1 6  p.c. 

No.  of  Sternal,     .       .       7 1  in  92  p.c.     6  in  8  p.c. 

No.  of  Floating,  .       .       2  and  3  in  60  p.c.     0  in  30  p.c.     4  in  10  p.c. 

Attachment  of  8th  C.C.,— Costal  \  in  100  p.c.  . 

*  In  one  of  these  there  were  but  11  ribs  on  the  left  side,  and  the  12th  right 
was  rudimentary,  the  same  ape  having  but  6  true  ribs  on  each  side. 

t  A  specimen  with  7  true  ribs  on  the  left  side  and  but  6  on  the  right. 

X  In  one  of  these  the  8th  cartilage  touched  the  sternum  on  the  Ufl  side,  on  the 
right  side  being  attached  to  the  7th  as  usual. 

In  the  remaining  cases  the  8th  rib  cartilage  is  attached  to  the  7th  at  a  distance 
of  from  i  to  3  inches  from  the  sternum  :  usually  the  distance  is  equal  on  the  two 
sides  ;  in  some  it  is  nearer  on  the  right,  in  others  on  the  left.  I  cannot  find  that 
it  has  any  preference  for  either  side  or  sex. 

Note, — The  reduction  of  ribs  appears  to  have  gone  further  in  the 
orang  than  in  any  other  ape.  There  are  not  often  more  than  12 
ribs — rarely  more  than  7  true,  and  occasionally  but  6.  Probably 
connected  with  the  great  length  and  movement  of  the  arms. 

X. — MaUy  dark  akin.     (No.  of  Cases,  5.) 

Total  No.  of  Ribs,       .       1 2  in  100  p.c. 

No.  of  Sternal,     .       .       8  in  60  p.c.     7  in  40  p.c. 

No.  of  Floating,  .       .       Varies  from  1,  2,  3. 

Attachment  of  8th  C.C, — Sternal  in  60  p.c. ;  Costal  in  40  p.c. 

Note, — It  is  unfortunate  that  the  available  specimens  are  so  few ; 
but  three-fifths  of  these  had  8  true  ribs  present  on  both  sides,  and 
I  think  there  can  be  very  little  doubt  that  this  abnormality  is  really 
more  common  amongst  the  dark-skinned  races.  Also  three-fifths  of 
the  cases  had  six  pieces  in  the  sacrum. 

Dr  Lamb  of  Washington  {Nature,  Nov.  1,  1888)  records  twelve 
cases  of  8  true  ribs  in  man  :  eleven  of  these  were  Negroes,  the  twelfth 
being  an  American  Indian. 


TinillGSB  or  CXB  IS  TBK  RXKIT^  ±^0 


iTxcfCne, 


Total  5a  of  Bibs  nflC 


Xo.ofSteni.1-^^^    .    I^rf^^^    t^l^?^*^/^£La 

BiUeraL    7  in  90  pLC     8  in  10  p.c    TraL^c^i. 
iBOaierai^  7  in  100  pic  8  in  0  puc      HjnL 


Na  of  Sternal— J2M/,    .     7m91-5pLCL    8m5-5pLC  ^fi^?^: 

£<^      .     imlOOpx.     SmOiuL    (c,.^,^ 

BHateralj    7  in  90  pie.     8  in  10  ptc     TredgQ;d. 
^BOaieral,  7  in  90  p.c.     8  in  10  px.     HyitL 
Attachment  of  8th  C.C.  Arenge, — Stoiial  in  10  puc;  Costal  in  90  pic 
Costal  more  frequent  in  nudes,  and  on  tike  xi^t  ade. 

*  Totil  nb»— geacnDj  12.  nrrij  13,  mad  frequatiy  the  13&  pnr  an  quhe 
nidiinentary ;  ao  tliat  Uie  arenge  maj  prolmblj  be  takca  aa  11*91 

Notes. — I  haTe  taken  the  Ubertr  of  nsing,  in  additi<Mi  to  mj  own 
cases,  those  leoentij  published  by  the  CoDectiTe  Investigation  Com- 
mittee (1895-6);  those  of  Professor  Hjrtl  of  Vienna;  and  of 
Professor  Ciumingfaam. 

There  are  considerable  diffeieneea.  Thus,  Professor  Hyrtl  finds 
that  oat  of  thirty  sabjects  an  8th  true  rib  occurs  three  times,  bnt  in 
females  only.  Out  of  twenty-four  cases  I  find  it  to  occur  equally  in 
male  and  female,  and  to  be  biiateral. 

Professor  Cunningham's  figures  (70  cases)  confirm  those  of  the 
CoIlectiTe  Investigation  Committee  in  so  far  as  the  abnormality 
occius  more  frequently  in  the  male  and  on  the  right  side;  but  he 
places  the  percentage  much  higher, — finding  an  8th  true  rib  in  as 
many  as  20  per  cent  of  cases. 

In  two  of  the  cases  recorded  by  the  Collective  Committee  there 
were  but  6  true  ribs  (2  per  cent). 

To  facilitate  comparison  of  these  figures  I  have  drawn  up  the 
following  table.  It  gives,  at  a  glance,  the  numerical  relations 
which  exist  between  total,  true,  BLudfloatiTy  ribs  in  each  genus  of 
the  Primates. 

The  figures  represent  the  average  number  of  each  in  the  class, 
and  are  obtained  as  follows : — ^The  total  number  of  ribs  present 
on  one  side  in  all  the  specimens  of  Lemuroidse  is  found  to  be 
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127:  there  are  9  individuals,  which  gives  if' =  141  as  the 
average  number  of  ribs  in  the  group.  Sternal  and  floating  ribs 
are  obtained  in  the  same  way.  The  number  of  cases  of  8  true 
ribs  is  given  in  percentages. 


Table  L 

* 

Menkeyg. 

Apes. 

Man. 

• 

8 
2 

• 

1 

• 

"S. 

I 

1 

ai 

1 

t 

i 

4 

1 

M> 

Man 
(dark). 

Sip 

Total  number  of  Bibs, 

UIO 

18-60 

12-38 

1204 

12^08 

18-13 

18-20 

12-86 

12-15 

1200 

? 

11-90 

Number  of  Sternal,    . 

9-88 

7-88 

814 

7-96 

7-09 

7-18 

7-64 

7^28 

692 

7-6 

71 

Nnmber  of  Floating, . 

•44 

•77 

2-83 

1^45 

2-00 

2-76 

2^00 

200 

2-26 

1-80 

••• 

Nnmber   of    8    True 
Ribs  (per  cent),     . 

100 

66 

100 

96 

17 

18 

64 

28 

8 

60 

10 

It  is  extremely  interesting  to  trace  the  connection  which  runs 
through  all  these  groups ;  and  although  there  are  undoubtedly 
ups  and  downs,  these  departures  from  the  main  track  are  most 
probably  simply  coincident  with  the  branchings  which  have 
taken  place  from  the  direct  line  of  descent,  brought  about  by 
the  changes  in  the  environment  of  the  offshoot.  It  must  also 
be  remembered  that  some  of  these  *  groups '  now  only  contain 
animals  which  stand  at  the  top  and  bottom  respectively  of  what 
once  W£is  a  very  large  genus,  so  that  we  should  expect  to  find 
considerable  variability :  this  is  especially  so  of  the  Lemuroidse 
and  Platyrrhini,  the  latter  embracing  specimens  differing  very 
considerably  from  each  other ;  indeed,  some  of  these,  as  far  as  the 
arrangement  of  the  ribs  go,  would  appear  to  have  reached  a  higher 
grade  than  those  classed  as  above  them — the  lowest  Catarrhini ; 
and  it  is  interesting,  in  this  respect,  to  notice  the  opinion  held 
by  several  naturalists,  that  Platyrrhini  have  originated  from  a 
tjrpe  of  Lemuroidse  independently  of  the  old  world  monkeys. 

If  a  careful  comparison  of  these  figures  be  made,  I  think  it 
will  be  admitted  that  the  premises  are  justified,  viz. — 

1st,  That  a  gradv4xl  reduction  takes  place  in  the  total  number 
of  ribs. 

This  is,  indeed,  perhaps  the  most  striking  feature  brought  out 


^ 


YABIATIOSS  OF  SOB  K  THE  FBDIAHS.  295 

bj  the  table,  the  lednction  from  14'1  in  the  Lemnroids  to  11^ 
in  man  being  singularly  oonstant  all  aloi^  the  line,  altbo«^  it 
is  to  be  noticed  that  in  this,  as  in  many  othor  i*"»t/iinj^^ 
respects,  the  lowest  genus  of  one  funily  appear  to  start  afresh 
from  a  somewhat  lower  grade  than  that  to  which  the  higher 
species  of  the  family  immediately  beneath  them  haTe  attained 
This  retrograde  movement  is  apparait  in  the  Inures  given 
under  each  variety  of  rib,  and  is  probably  due  to  several  causes. 
It  is  not  unreasonable  to  suppose  Uiat  greater  specialisation  and 
adaptation  to  environment  has  taken  place  amongst  the  h^er 
types  of  what  may  be  a  comparatively  lower  order;  and  another 
thing — ^the  'missing  links'  are  so  many — our  natural  ordeis 
are,  after  all,  but  convenient  conventionalities;  and  were  the 
missing  links  found,  we  should  find  that  the  whole  of  nature 
was  blended  imperceptibly  together. 

It  is  worth  noting  that  this  reduction  seems  to  run  not  only 
through  Primates,  but  also  throughout  the  whole  of  Mi 
thus: — 

N.  0.  Ko.  of  Ribs. 

Edentata,  .        24  (Sloth). 


Cetacea, 

Sirenia, 

Ungulata, 

Camivora, 

Primates, 


15  to  16  generally. 

17  to  20. 

18  to  20. 
14  to  15. 
13  average. 


In  man,  it  is  by  no  means  rare  to  find  that  this  decrease  has 
proceeded  a  step  further,  either  in  the  rudimentary  condition  of 
the  last  pair  of  ribs,  or  their  actual  suppression. 

With  the  relation  between  this  decrease  in  the  number  of 
ribs  and  rise  in  the  animal  scale,  we  have  at  present  no  concern. 
Professor  Struthers  thinks  that  it  is  brought  about  in  man  by 
the  increased  movement  which  takes  place  in  the  lumbar  region ; 
but  it  is  also  likely  that,  with  the  greater  variety  and  freedom 
of  movement  which  is  developed  in  the  upper  limbs,  the  shape 
of  the  upper  part  of  the  chest  undergoes  a  change  from  com- 
pression laterally  to  one  from  before  backwards,  and  that 
consequently  the  capacity  of  this  part  of  the  chest  is  increased, 
and  a  compensatory  reduction  takes  place  below,  causing  the 
gradual  obliteration  of  one  or  more  ribs.  It  is  interesting  in 
this  connection  to  note  the  facts  brought  forward  by  G.  B. 
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Howes*  of  two  cases  in  which  an  additional  lumhar  rib  was 
present  in  the  rabbit  coincident  with  functional  inefficiency  of 
the  upper  part  of  the  thorax.  Whatever  may  be  the  explana- 
tion, the  fact  is  none  the  less  striking,  and  certainly  the  thorax 
does  widen  and  expand  above  as  it  decreases  below,  and  in  the 
apes  the  reduction  is  most  marked  in  orangs  and  gibbons — ^the 
length  and  freedom  of  whose  arms  is  noteworthy. 

2nd,  A  reduction  takes  place  in  the  nurrtber  of  sternal  ribs. 
This  is  subject  to  a  slightly  greater  amount  of  variation,  but 
is  nevertheless  in  evident  relation  to  the  first  change  described, 
the  ratio  between  true  and  total  ribs  being  very  fairly  constant, 
and  as  7  is  to  12. 

This  decrease  in  sternal  ribs  and  relation  to  total  ones  is 
shown  in  the  accompanying  table, — ^the  upper  one  representing 
total  and  the  lower  true  ribs  in  each  case. 

Table  II. 


1    2    3    4    5    6    7    8    9  10  11  12  18  14  15  16 


Kib8. 


LemoroidfiB. 


Platyrrliini. 


Ceroopitlieei. 


Macaci. 


I 


SemnopithecL 


Monkeys. 


Gibbons. 


Chimpanzee. 


Gorilla. 


Orang. 


Man  (dark). 


Man  (light). 


♦  Proceedings  of  Anatomical  Society ^  1892. 


Apes. 


VLau, 


f 


inteid^eBdail.  ana  eGBLaoe  to — 

But  tiiiB  altPTatinn  in  ibe  tb-zix  is  =Kse  cne  of  dupe  ihi 
capadtj,  the  ndactka  beo^  oocpiirFiT  It  mcranec  roa 
aboYe:  indeed  U  vocl-i  seec  Hkz^  thai  this  inaeased  le«i 
brought  about  Ij  greaser  xmgxr  d  myvesDesH  in  ibe  ::rp 
limfaa,  iB  one  of  the  dijef  eaases  of  ihe  T«hx-iian. 

Sodi  aie  the  dianges  wLkh  take  place  thioogbo:::!!  the  oeder: 
have  thqr  snj  1  wearing  i^on  the  ahnocnalitiea  viikh  oeear 
in  man? 

'  Ist,  Wiik  rtgard  to  ike  vmriMliiy  of  tJu  Stk  riZi— This  is  seen 
to  be  by  no  means  peculiar  to  man  akne :  thete  is  a  xariation 
in  the  attachment  of  the  8th  caitilage  in  ererr  genus  of  the 
order  bat  twa  In  these  (Lemuroids  and  Cenx^thed)  there  aie 
more  than  8  true  ribs  present,  so  that  the  position  of  this 
remaiDS  constant.  YariatioDB,  howerer,  occur  in  the  position  of 
the  lowest  tnie  rib  in  jost  the  same  way;  and  in  the  Orang, 
although  there  are  apparently  rarely  more  than  7  tene  ribs, 
the  8th  onites  with  the  7th  at  a  yaiiaUe  distance  from  the 
stemnm. 

VariaJbilUy  with  regard  to  sex, — The  statements  on  this  point 
are  somewhat  conflicting  with  regard  to  man;  but  I  think 
there  can  be  no  doubt  that  an  8th  true  lib  is  m<»e  frequently 
found  in  the  male  than  female.  I  cannot  find  this  preference  for 
sex  to  hold  in  the  apes  or  monkeys. 

Variability  vnth  regard  to  side, — Undoubtedly  in  the  human 
race  cases  of  an  8th  true  rib  are  much  more  frequent  on  the 
right  side ;  but  whilst  in  the  male  it  occurs  in  the  proportion 
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Fig.  3. — Mode  of  AttachmeTit  of  the  Lowest  True  Rib. 
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of  R.  11-8  per  cent,  to  L.  8*8  per  cent.,  the  preference  seems  to 
be  still  more  strongly  marked  in  the  female,  being  B.  6*5  per  cent, 
to  L.  0  per  cent.  In  the  lower  niembers  of  the  order,  althongh 
the  variability  is  well  marked,  it  does  not  seem  to  exert  any 
preference  for  side  or  sex, — ^perhaps  the  number  of  specimens  is 
too  smalL 

The  cause  of  this  is  not  very  obvious.  Professor  D.  J.  Cunning- 
ham *  is  inclined  to  think  that  it  is  related  to  the  greater  use 
man  makes  of  his  right  hand,  and  considers  that  this  has 
resulted  in  an  extension  of  the  8th  right  rib  to  the  sternum; 
but  there  are  several  objections  to  this, — ^that  an  8th  true  left  rib 
is  found  in  a  proportion  of  cases  far  in  excess  of  left-handed 
people;  in  fact,  an  8th  rib  does  not  occur  so  very  much 
oftener  on  the  right  than  left  side  in  the  male,  although  it 
does  in  the  female. 

The  preference  is  imnoticeable  in  the  apes,  and  they,  especially 
the  orangs,  are  also  right-handed;  and  then  this  extension  of 
an  8th  rib  to  the  sternum  would  necessarily  imply  that  man 
or  his  predecessors  originally  possessed  but  7  ribs,  whereas 
we  have  seen  that  a  decided  increase  takes  place  in  the  number 
of  true  ribs  as  we  go  down  the  animal  scale. 

Professor  Hyrtl  attributed  it  to  tight-lacing  in  the  female. 

I  think  that  the  more  probable  explanation  is  this:  The 
change  is  a  progressive  one :  that  man's  thorax,  in  common  with 
that  of  all  the  Primates,  undergoes  that  gradual  shortening 
from  below ;  that  part  of  it  which  is  more  functionally  important 
is  more  persistent ;  that  which  is  less  so  is  more  inclined  to  go 
first ;  the  ribs,  originally  protective  for  dorsal  nerve  and  blood 
systems  in  fishes,  have  become  so  modified  hi  amphibians,  birds, 
and  mammals,  as  to  be  secondary  structures,  almost  solely  to 
the  lungs,  affording  them  protection,  and  being  one  of  the  chief 
agents  in  their  expansion.  The  right  lung  is  of  greater 
functional  value  than  the  left,  weighing  two  ounces  more,  and  the 
reduction  of  the  8th  rib  is  consequently  less  apt  to  occur  on 
that  side,  owing  to  the  greater  need  of  protection  which  this 
increased  value  requires.  The  liver  is  also  an  important  organ 
needing  protection,  and  probably  exerts  an  influence  in  this 
persistence  of  the  8th  right  rib  to  the  sternum. 

*  Journal  qfAnat,  and  Phys,,  vol.  xziv.  p.  127. 
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This  reduction  of  total  and  trae  ribs  is  so  uniform  all  along 
the  serifiB  that  one  would  expect  to  find  in  pre-historic  man  a 
greater  percentage  of  cases  of  8  true  ribs  than  at  present  occur 
— they  are  oertainly  more  common  in  the  dark  races.  Now  we 
occaaionally  come  across  but  6  attached  to  the  sternum. 

The  mode  of  attachment  of  this  last  true  rib  is  also  interest- 
ing, and  follows  the  same  gradual  change.  First  the  fusion  of 
the  pair  across  the  base  of  the  ensiform,  as  well  shown  in 
Macaci;  then  the  central  piece  goes,  and  the  cartilages  of 
opposite  sides  are  blended  with  the  lower  end  of  the  gladiolus 
and  base  of  ensiform;  next  the  cartilage  becomes  closely  applied 
to  the  lower  edge  of  the  one  above^  sometimes  indeed  being 
only  carried  on  to  the  sternum  by  fibrous  tissue,  as  in  higher 
apes  and  occasionally  in  man ;  and  lastly,  this  intervening  piece 
of  cartilage  or  fibrous  tissue  goes,  and  the  rib  has  only  a  costal 
attachment    (See  fig.  4.) 

The  abiwrmoilitiea  in  the  total  numier  of  ribs  met  with  in  man 
are  eitiher  increase  or  decrease,  which  may  be  either  above  or 
below;  and  it  may  be  said  that  generally  the  additional  rib  is 
above,  and  the  decrease  takes  place  below. 

The  following  table  gives  the  abnormalities  found  in  monkeys 
and  apes.  It  will  be  seen  that  although  they  are  not  common 
in  the  cervical  region,  they  do  occur.  In  the  lumbar  region 
they  are  much  more  frequent ;  and  whilst  amongst  monkeys  all 
the  examples  I  have  seen  are  in  addition  to  the  ordinary  number, 
in  the  apes  the  greater  number  of  cases  are  of  those  in  which 
there  appears  to  be  a  falliug  off. 

This  also  appears  to  be  the  most  common  variation  found  in 
man.  It  is  seldom  that  the  extreme  is  met  with,  in  which  the 
12th  rib  is  quite  absent ;  but  cases  in  which  the  last  pair  are 
much  shorter  than  usual  are  by  no  means  rare.  Struthers,^  in 
his  paper  on  rib  variations,  records  no  less  than  5  instances  of 
this  kind, — in  one  the  12th  pair  being  so  small  that  they  might 
easily  have  been  overlooked;  the  others  ranging  from  1  to  2 
inches  long,  all  amongst  Europeans. 

The  explanation  of  these  abnormalities  in  man  is  probably 
twofold,  and  the  same  holds  good  of  the  lower  orders.    Ist,  That 
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Table  III. — Abnormal  Bibs  in  Monkeys  and  Apes. 


Monkeys. 
81  caaw. 


Gorical  Bedon. 


Lumbar  Be|^oii« 


Radimentary  Ribs 

present  in  ezeeas  of 

the  arerage  No.  of 

the  genua. 


Apes. 
52  cases. 


Chimpanzee. 

A  radiment- 
ary pair  aboat 
2i  inches  long 
to  contigaoos 
portions  of  6 
and7C.V.  The 
1st  sternal  rib 
to  7  G.  and  1 D. 


Gibbon. 


Chimp. 


1 
1 


Bndimentary  Bibepreaent-^ 

which  the  total  No.  of  Bibs 

remains  the  same. 


Lemur. 

B. 
1 

L. 

1  -> 

6 

B. 

Platy. 

1 

1 

1 

1 
1 

Mae. 

1 

1 

Semn. 

1 

1  J 

Gorilla. 


Orang. 


Absent. 


NormaL 

Normal. 


Bndy. 


NormaL 


Bndy.     f* 

Absent 


Absent. 


additional  rihs  are  due  to  the  persistence  of  a  former  condition ; 
indeed,  W.  N.  Parker  states  that  in  the  embryo  of  man  cervical 
and  lumbar  ribs  are  actually  laid  down  in  common  with  those 
of  the  dorsal  region,  but  subsequently  disappear :  and  2nd,  thai 
a  decrease  is  simply  a  part  of  that  steady  progressive  change 
which  has  been  seen  to  run  right  through  the  order.  Judging 
from  the  relatively  greater  number  of  cases  of  decrease  as  com- 
pared with  increase,  it  would  seem  that  man  is  still  following  in 
the  footsteps  of  his  progenitors,  and  that  reduction  of  the  thorax 
from  below  is  still  taking  place.  Possibly  the  anatomist  of  the 
future  will  describe  the  normal  number  of  ribs  in  man  as  11, 

My  thanks  are  due  to  the  authorities  of  the  Natural  Histoiy  Museum, 
South  Kensington ;  the  Royal  College  of  Surgeons  of  London  ;  and 
especially  to  Dr  A.  Keith,  Senior  Demonstrator  of  Anatomy  at  the 
London  Hospital,  for  the  opporkmity  they  have  afforded  me  of  obtain- 
ing the  statistics  upon  whioh  this  paper  is  based. 


KOTES  ON  CERTAIN  PHYSICAL  AND  PHYSIOLOGICAL 
MEASUREMENTS  AND  ESTIMATES.  By  John  G. 
M'Kbndriok,  M.D.,  Brofeaaor  of  Physiology  in  ikt  University 
of  Glasgow, 

r     Fiactions  of  an  inch. 

1.— Units)      Millimetre  =  ^th  of  an  inch. 

1      Micron=y|j^  of  1  mm.^j^  of  ^-^^^nnr*^  "ich. 
(^     Micron  ^fu 

2.— Diameter  of  a  nwUetde  from  t.jvJ.otv  ^  j.oo^olooo  of  a  milli- 
metre, or  CT,oo\).ooo  to  7T.ooo.ooo  of  an  inch. 
Take  diameter  at  y.ooi.ooo  millimetre  or  ^j^j^j^  inch, 

3. — Sappose  each  MopJiar  (vital  unit  of  Weismann)  to  be  cubical, 
and  to  contain  lOCK)  molecules,  that  is  ten  in  a  row,  or 
10  X  10  X  10  =s  1000.  Then  the  biqp?ior  wouM  measure  10  mole- 
cules in  length,  or  y.ooAooo  ^  1Q  =  7.0/0% oo  or  soo^ooo  mm. 

4. — 200  biophors  would  therefore  measure  ^^nMnnF  or  ^ooo  millimetre 
or  Ifiy  (micron),  or  the  -sz.hjnF  of  an  inch. 

5. — ^Imagine  a  cube,  one  side  of  which  was  1  /x  or  ts-.^^hf^  inch,  it 
would  contain  200  x  200  x  200  »  8,000,000  biophors. 

6.— A  human  red  blood  corpuscle  measures  about  7*7  /x  in  diameter 
and  1*6  /A  in  thickness :  suppose  it  to  be  cubed  it  would  con- 
tain 3,652,000,000  biophors.  As  it  is  not  a  cube  but  only  a 
disk  1*6  ^  in  thickness,  it  will  contain  considerably  fewer.  If 
we  take  it  as  a  disk  of  uniform  thickness  (1*6  /x)  and  not 
biconcave,  as  it  really  is,  the  number  of  biophors  would  be 
416,000,000. 

7. — Smallest  particle  of  matter  that  can  be  seen  with  highest  micro- 
scopic powers  is  77.^^^  millimetre  or  T^n^nnF^  of  an  inch. 

8. — Each  biophor  is  ^^^nnr  mm.  in  diameter,  so  there  would  be  10 
in  the  ^^.^inr  millimetre,  or  1000  in  the  cube. 


9. — Average  diameter  of  molecule  =»  sjnfi.JFJFJF  ™^^ 

10. — Smallest  visible  particle  =  ^i^  mm.     Then  there  would  be  in 

the  side  of  the  cube,  in  a  row  100  such  molecules,  or  in  the 

cube  100  X  100  X  100=  1,000,000  molecules. 
11. — ^A  mokeuie  of  organised  matter  contains  about  50  elementary 

atoms.    So  that  the  1,000,000  molecules  in  groups  of  about 

50  would  number  i^ooo^ooo  =  20,000  organic  particles. 

12. — ^Thus  a  cube  Ti^^^^nr  ^°^  would  contain  about  20,000  organic 

particles. 
13. — Suppose  one-half  to  be  water,  then  there  would  remain  10,000 

organic  particles.    That  is  22  in  a  row.     Each  would  then  be 

about  TTTriTHFTf  «"»• 
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14. — ^The  organic  molecule  must  be  6  tunes  larger  at  least  than  a 
molecule  of  H. 

Molecule  of  H.        Organic  Molecule^ 

15. — Smallest  visible  cube  would  contain  in  a  row 
100  molecules       ^   about  22  molecules 
of  H.  of  organised  matter« 

16. — Now  as  200  biophors  =  l/x«-riiW  °^°^- 

Then  1  biophor  =  ^^nr.Tnnr  ^°^  ^  diameter. 
17. — ^That  is  to  say  the  smallest  particle  of  matter  visible  to  the 
highest  microscopic  powers, 

1  .   (  10  times  the  diameter  or  )  ■  <.  .^.^  „u:^«f« 

inr.W  =«n._i8 1  1000  ^^  ^^^  ^^1^^     }  of  the  ultimate 

vital  unit-r-the  biophor  « ^nnrlinnr  °^°^« 


1 8.— Diameter  of  a  molecule  of  H = Ty.ooVooo  '^^\  ^^  7.000.000  °^- 
19. — Smallest  ^ar/ic^  that  can  be  seen  microscopically  is  TJsijpns  '^^\ 

20. — Smallest  ultimate  vital  unit  (biophor) 

is T.TnyF.mnr  "^^^l^*  ®^  WiyTnr  ™™- 

21. — Smallest  particle  (visible  cube)  that  can  be  microscopically  seen 

may  contain         .        .        •   20,000  organic  particles  +  water. 
22. — Smallest  ultunate  vital  unit  (biophor)  may  contain  20  orgamc 

particles. 
23. — (terminal  vesicle  is  about  -^  inch  in  diameter — or  ^th  mm. 
24.— Germinal  vesicle  may  contain  1,000,000,000,000  biophors. 
25. — ^Head  of  sperm  cell  is  about^^^  inch  in  diameter,  or  -^  mm.    ; 
26. — Sperm  cell  element  may  contain  1,000,000,000  biophors. 


27. — Smallest  thing  that  can  be  seen  with  naked  eye,  -^^  inch,  or 
^  of  a  mm.  The  retinal  image  <xt  distance  of  I  inch  from 
eye  would  he  x^.tttv  ^''^K  ^  about  4  wave4engthi  of  light. 


28. — Germinal  vesicle  is  -g^  inch,  or  ^  of  a  mm. 

29. — Sperm  cell  is  ^^^  inch,  or  j^  of  a  mm. 

30. — Wave-length  of  green  light  is  -n^.^^nr  ^^^  ^'  Tinnr  °^  *  ™™* 

31. — Smallest  tiling  that  can  be  seen  with  microscope  is  7^!inrv  ^^^9 

or  T^.^xnr  ^^  ^  °^°^*»  ^'  T(f^  ^^  ^  wave-length  of  light. 
32.— XJltimate  vital  unit  (biophor)  is  y.oop^ooo  ^^^^f  ^^  irffu^innf  ^^  * 

i3^^^*>  or  T^th  of  a  wave-length  of  light. 
33. — ^Molecule  of  organised  matter,  like  albumen,  is  7T7^^^r  i^i^i^*  o^ 


^  inch. 


TT.inro.xnnr 
34.— Molecule  of  hydrogen  is  to.oo\).ooo  '^^^^*  ?,ooo,ooo  0^  *  ^^'^  ^^ 

Y^Viyth  of  a  wave-length  of  light. 
35. — Average  wave-length  of  lights  tt^.^thf  ^^^ 
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36. — Velocity  of  light  in  round  numbers : — 186,000  miles  per  second ; 
there  are  about  Q2,208  inches  per  mile;  186,000x62,208 
*=  11,570,680,000  inches  per  second.  11,570,680,000-4- 
1/50,000  =  11,570,680,000  x  50,000  =  578,534,000,000,000 
vibr.  per  second  falling  on  retina. 

37. — ^Diameter  of  a  single  retinal  rod  or  cone  is  about  ^xniir^^  inch. 

38. — Length  of  shortest  vibrating  hair  in  the  ear,  yt&i^  ^^^^^^^  ^^* 
meter  about  J  of  lioo^TvW  "^^^* 

39. — ^Bod  or  cone^^^^  inch,  or  ^^  mm.  Suppose  a  cube.  It 
might  contain  240,000,000  biophors.  As  the  rod  or  cone  is 
prismatic  or  cylindrical  in  shape,  the  number  of  biophors — 
bodies  possibly  differing  as  to  sensitiveness  to  light — may  be 
two  or  three  times  greater.  Groups  of  such  elements  of  the 
rod  or  cone  may  be  differently  affected  by  various  wave-lengths. 


NOTE  ON  TWO  USEFUL  ACCESSORIES  IN  SERIAL 
SECTION-CUTTING  BY  THE  PARAFFIN  METHOD.^ 
By  Thomas  H.  Bbyc^  M.A.,  M.B.  Glasgow. 

There  is  no  doubt  that,  for  celerity  and  success  in  serial  section- 
cutting,  the  fundamental  necessity  is  to  get  a  straight  ribbon.  It  is 
not  altogether  easy,  with  an  ordinary  knife  or  razor,  to  make  the  sides 
of  the  block  so  mathematically  parallel  and  even,  as  to  ensure  this 


result  The  problem  is  met  in  the  Minot  microtome ;  but  among  the 
large  number  of  workers  who  use  the  Cambridge  Rocker  there  may  be 
some  who  have  experienced  my  difficulty,  and  to  those  I  believe  the 
parallel-bladed  knife  figured  here  may  prove  helpful,  and  economical 
of  time. 

The  instrument  has  two  blades,  chisel-edged,  with  the  straight  edge 
inwards.  Each  is  provided  with  two  bars,  running  in  slots  in  the 
opposite  blade.  The  blades  are  thus  kept  perfectly  parallel,  and  they 
can  be  adjusted  to  any  required  distance.  They  are  quite  rigid,  but 
screws  are  provided  for  clamping  them  in  any  required  position  if 
necessary.  The  paraffin  block  is  roughly  cut  out  with  a  sharp  knife, 
and  then  a  few  seconds  will  suffice,  either  before  or  after  the  block  is 

^  Bead  at  meeting  of  the  Edinburgh  Pathological  Club,  November  25,  lS9d,   j 
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mounted,  to  pare  it  down  into  mathematical  exactness.    The  lustra-, 
ment  is  made  by  Mr  Gardner,  instrument-maker,  Edinburgh. 

After  the  ribbon  is  fixed  in  series  on  the  slides,  the  great  desider- 
atum is  a  saving  of  time  in  patting  them  through  the  different  processes 
for  removal  of  the  paraffin,  &c.  The  vessel  figured  here  has  proved 
so  serviceable  to  me,  and  economical  both  in  time  and  reagents,  that 
I  am  induced  to  direct  to  it  the  attention  of  those  who  may  be  looking 


for  something  of  the  kind.  The  idea  was  suggested  by  Caro,^  but 
the  vessel  has  not  yet  been  put  into  the  Engli^  market.  As  made 
for  me  by  Messrs  Baird  &  Tatlock,  it  is  a  narrow  glass  trough,  deep 
enough  to  hold  a  slide.  It  is  provided  with  a  vulcanite  cover,  in  which 
there  is  a  series  of  slits,  each  long  enough  to  admit  a  slide,  and  broad 
enough  to  allow  it  to  be  lifted  out  without  danger  of  rubbing  the 
sections  off.  A  rubber  ring  is  placed  round  the  one  end  of  the  slide, 
and  this  suspends  it  in  the  fluid.  A  whole  series  can  thus'  be  carried 
through  the  various  processes  at  one  time,  by  lifting  the  cover,  with  its 
slides,  from  trough  to  trough.  When  not  in  use,  a  glass  cover  keeps 
out  dust  and  prevents  evaporation. 


SUMMARY  OF  A  PAPER  ENTITLED~«ON  THE  VARIA- 
TIONS  IN  THE  CHARACTER  OF  THE  CONTRACTIONS 
OF  STRIATED  MUSCLE  WITH  PERIODIC  STIMULA- 
TION OF  SOME  DURATION.  AND  ON  RECOVERY  OF 
THE  MUSCLE.*  By  Alexander  Rollbt,  Profess&r  of  FhytU 
ology  in  the  University  of  Graz. 

(Reported  by  David  Fraser  Harris,  M.B.,  Physiological  Department,  University 

of  Glasgow.) 

I.  In  fresh  muscles,  capable  of  contracting,  there  is  stored  up  a 
quantity  of  disassimilable  substance. 

^  Zeitsehriftjilr  Wisaenschafi.  MieroakopU,  &c,  B.  12,  Heft  1,  p.  18. 
*  Arehiv.  fUr  die  ges.  Physiologies  fid.  64,  p.  507. 
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'  2.  Tliis  store  may  be  greater  or  less. 

3.  Through  the  activity  of  the  muscle  it  becomes  less,  and  can  be 
used  up  to  a  known  extent, 

4.  By  thk  disassimilation  are  produced  a  number  of  different 
evanescent  katobolic  products, 

5.  These  are  present  in  varying  amount^  but  accumulate  up  to  a 
limit  which  can  be  ascertained. 

6.  During  disassimilation,  metabolic  products  are  being  produced 
with  greater  or  less  rapidity,  and  they  are  not  removed  from  the 
muscle  at  all  times  in  the  same  manner  or  with  the  same  completeness 
as  at  other  times.  The  removal  of  the  katabolic  products  may  be  of 
such  a  character  that  after  the  cessation  of  disassimilation,  its  products 
are  again  removed  from  the  muscle  more  or  less  completely. 

7.  The  removal  of  the  katabolic  products  may  be  delayed  or  may 
be  insufficiently  performed,  so  that  during  and  after  the  disassimila- 
tion there  is  always  a  considerable  quantity  of  accumulated  katabolic 
products,  which  after  the  cessation  of  disassimilation  are  at  once 
gradually  removed. 

8.  There  occurs,  to  a  certain  fixed  extent,  the  formation  (anabolism) 
of  a  disassimilable  substance,  by  means  of  which  the  substance  already 
katabolised  is  replaced. 

9.  Such  anabolism  proceeds  simultaneously  with  katabolism,  and 
in  such  a  way  that  the  muscle,  by  the  simultaneous  removal  of  kata- 
bolic products,  is  not  essentially  altered  in  respect  of  its  chemical 
constitution. 

10.  Anabolism  continues  after  katabolism  has  ceased ;  the  store  of 
disassimilable  substance  diminishes  during  katabolism,  and  is  replaced 
by  anabolism  continuing  after  katabolism  has  ceased. 

11.  In  order  to  this  building  up  of  the  store  of  disassimilable  sub- 
stance by  anabolism,  a  longer  or  shorter  time  is  necessary  after  kata- 
bolism has  done  its  work. 

12.  The  degree  and  extent  of  the  new  katabolism  depends  upon  the 
amount  of  disassimilable  substance  remaining  over  in  the  muscle  after 
the  previous  period  of  katabolism,  and  upon  the  degree  of  complete- 
ness of  removal  of  the  previous  katabolic  products. 

13.  If  we  now  suppose  a  store  of  disassimilable  substance  as  the 
source  of  activity  of  muscle,  and  katabolism  as  the  condition  of  its 
activity,  we  are  then  confined  to  the  choice  of  one  of  two  ways  in 
which  a  muscle  is  capable  of  acting.     These  are : — 

14.  {1)  A  muscle  may  be  supposed  capable  of  activity  by  possessing 
a  considerable  store  of  disassimilable  substance,  seeing  that  there  is 
such  a  speedy  accumidation,  and  so  slow  a  removal,  of  katabolic 
products;  or, 

15.  (2)  A  muscle  may  be  supposed  to  be  capable  of  activity  in 
virtue  of  a  quantity  of  disassimilable  substance  which  it  possesses,  and 
has  not  entirely  exhausted  in  previous  katabolism. 

1 6.  The  repair  of  muscle  through  the  removal  of  katabolic  products, 
and  in  virtue  of  a  sufficient  store  of  disassimilable  substance  still 
remaining  over,  must  be  viewed  in  quite  another  light  from  the 
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reconstitution  of  the  activity  of  muscle  through  the  manufacture  of 
new  disassimilable  suhetance  in  place  of  that  previously  katabolised. 

17.  Anabolism  might  or  might  not  proceed  simultaneously  with  the 
former  variety  of  the  repair  of  muscle,  which  repair  can  only  be  traced 
back  to  the  removal  of  products  of  katabolism. 

18.  In  the  case  of  the  repair  of  muscle  by  the  anabolism  of  fresh 
disassimilable  substance,  if  repair  takes  place  exclusively  by  means  of 
such  anabolism,  all  katabolic  products  would  be  removed  long  before 
anabolism  was  completed. 

19.  This  anabolism  would  vary  in  character  with  the  conditions 
under  which  it  was  effected :  it  would  proceed  actively  enough  in  the 
case  where  there  was  plenty  assimilable  substance  ready  to  be  anabo- 
Used,  but  it  might  be  delayed  or  be  insufficient  in  the  case  where' 
there  was  a  deficiency  of  such  material  to  elaborate. 

The  paper  concludes : — Katabolism  must  certainly  be  regarded  bb 
the  essential  chemical  condition  of  muscular  activity,  the  oidy  ques- 
tionable point  being  in  what  way  the  amplitude  and  form  of  the 
contractions  are  influenced  by  factors  which  themselves  modify  the> 
process  of  katabolism.  The  question  also  remains,  what  are  the  limits 
to  the  extent  or  degree  of  katabolism ;  what  determines  the  critical 
point  or  points  of  the  flying  asunder  of  the  unstable  elements  of  the 
disassimilable  substance ;  and  finally,  are  there  any  factors,  and  if  so,^ 
of  what  nature,  which  exert  an  inhibitory  of  augmentative  influence 
upon  the  process  of  katabcdism  itself*. 
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ON  THE  STRUCTURE  AND  CONTRACTION  OF  STRIPED 
MUSCULAR  FIBRR  By  Professor  Rothkrford,  M.D., 
F.R.a    (Plates  XIL,  Xni.,  XIV.) 

I  DEDICATE  THIS  COMMUNICATION  TO 

W.  MURRAY  DOBIE,  M.D.  Edin.,  CHESTER, 

WHO  WAS  AN  ACUTE  0B8BEVBR  AND  CRITIC 
OF  THE  AFPBARANGBS  OF  STRIPED  MUSCULAR   FIBRE 

FIFTT  TEARS  AOa 


CONTENTS.        p.p.  ,        ,,  .      ^ 

PAGB 

PAGE 

Introductory,    •        •        •        • 

309 

Mnsole  of  Man .... 
Effect  of  Curvatnre  on  the  micro- 

381 

Muade  of  £^8cnB   . 

311 

HethodB  of  preparing  Muscle    . 

814 

scopic  appearances  of  Muscle 

832 

Muscle  of  Grab. 

8^        Appearances  of  Muscle  in  polar- 

UneofUracUd 

11 

ised  light  .... 

834 

CknUrcuted. 

826 

Observations    on   the   opinions 

Hfude  of  Lobster     . 

831 

held  by  other  Anthers 

336 

„    of  Newt         • 

'        »> 

Bibliography    . ,      . 

838 

.                     „    of  Salamander 

•        »» 

Explanation  o^Flates 

839 

ft 

Introd 

.V 

UCWRY. 

In  a  paper  on  the  ''Minate  Struckire  of  Voluntary  Muscular 
Fibre,"  read  before  the  Boyal  Medical  Society  of  Edinburgh 
in  1848,  W.  Murray  Dobie  (ret  2)  thus  expressed  himself: — 
"  There  is  perhaps  no  animal  texture  as  to  the  nature  of  which 
more  contrary  opinions  have  beeii  held,  or  more  conflicting 
statements  advanced,  than  that  of  ^  voluntary  muscle,  so  that 
even  at  the  present  time  it  must  still  be  considered  a  question 
by  no  means  set  at  rest."    Dobie  wrote  these  words  eight  years 
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after  Bowman  (ref.  1)  had  published  his  celebrated  paper ;  yet, 
notwithstanding  the  lapse  of  fifty  more  years,  during  which 
microscopical  research  has  been  pursued  with  great  activity, 
aided  by  greatly  improved  lenses,  and  refined  methods  of 
histological  inquiry,  Dobie's  words  are  as  applicable  now  as 
then. 

The  difficulties  so  perplexing  to  histologists  have  mainly 
arisen  from  the  following  characters  of  the  tissue.  1.  The  con- 
tractile elements  of  the  fibre  are  very  delicate  soft  fibrils,  that 
cannot  be  rightly  studied  with  the  microscope  unless  fixed  by 
suitable  reagents,  to  permit  of  their  separation  without  dis- 
tortion in  small  bundles  and  as  single  fibrils,  and  unless  they 
are  suitably  stained  to  permit  accurate  recognition  of  their 
visible  structure.  2.  The  appearances  of  the  fibrils  in  states 
of  relaxation  and  contraction  are  so  difi^rent,  and  so  difficult  to 
investigate  unless  the  above  conditions  are  fulfilled,  that  their 
interpretation  has  baffled  some  of  the  most  eminent  histologists. 
3.  The  optical  effects  of  curvature  are  superadded  to  those  of 
structure,  and  have  greatly  misled  some  observers.  4.  Certain 
parts  of  the  sarcous  substance  are  doubly — others  singly — 
refractile,  and  this  has  been  a  source  of  confusion  to  those  who 
have  hoped  to  make  reliable  observations  by  examining  thick 
strata  of  fibrila  5.  The  finest  structure  of  the  fibrils  is  beyond 
the  reach  of  the  microscope,  so  that  the  secret  of  contraction  will 
ever  remain  hidden. 

Like  most  other  observers,  I  experienced  for  many  years  much 
difficulty  in  knowing  what  to  teach  regarding  the  minute  struc- 
ture of  striped  muscle.  For  a  considerable  time  I  simply 
followed  KoUiker  and  others  who  regarded  the  primitive  fibrils 
as  the  essential  elements  of  the  sarcous  substance.  I  was  for 
a  short  period  shaken  in  my  teaching  by  the  appearance  of 
Schafer's  paper  on  the  leg  muscle  of  the  water-beetle  (ref.  30), 
in  which  the  very  existence  of  Bowman's  sarcous  elements  was 
ignored,  and  certain  illusory  appearances  were  dignified  by 
the  misleading  term  of  "muscle-rods,"  to  which  remarkable 
optical  effects  were  ascribed  in  the  relaxed  and  contracted 
states  of  the  fibre.  In  consequence  of  that  communication 
I  examined  the  leg  muscle  of  the  water-beetle  {Dytiscus 
margincUis)  in  a  living  state  in  its  own  juice,  and  also  in  one 
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per  ceut  watery  solution  of  sodium  salicylate.  The  excised 
muscle  being  free  to  retract,  necessarily  showed  the  characters 
of  the  unextended  muscle, — the  dim  stripes  being  much  broader 
than  the  light  stripes.  The  excised  fibre  shows  at  first  no  longi- 
tudinal striation,  but  after  a  little  time,  apparently  owing  to  some 
internal  change  in  the  sarcous  matter,  fine  dim  longitudinal  lines 
appear  at  regular  intervals  migrking  the  outlines  of  the  fibrils  (fig. 
1).  Those  lines  are  most  evident  in  the  broad  dim  stripe,  but  are 
certainly  also  continued  through  the  light  stripe.  The  middle  of 
the  light  stripe  is  crossed  by  the  well  known  thin  dim  stripe,  which 
with  proper  focussing  is  seen  to  consist  of  a  transverse  row  of 
globular  particles,  one  in  the  course  of  each         ^  ^ 

fibril,  and  not  situated  in  the  course  of  the 
fibrillar  outlines,  as  erroneously  repre- 
sented by  some  observers.  Dobie,  in  the 
paper  already  referred  to,  stated  that  the 
thin  dim  line  in  question  was  first  seen  by 
Lealand  the  optician  in  preparations  of 
pig*s  muscle ;  but  Dobie  searched  for  it  in 
the  muscle  of  several  other  animals,  and 
found  that  when  invisible  it  may  fre- 
quently be  revealed  by  stretching  the 
muscle.  Dobie's  description  of  muscle, 
although  written  when  he  was  only  an  from  tbe'iegof  Dytiscua  be 
undei^adtmte,  displays  so  much  acute  |,:SirrT°D2^'!X^: 
observation  and  reliable  criticism  that  I  Light  stripe,  d.  Dobies  une. 

B. — ^Tbe  same  after  treat- 

have  long  been  in  the  habit  of  naming  ment  with  half  per  cent 
the  stripe  in  question  DobU's  line,  a  term  l^^t  i^ie'Zi.Td* 
short  and   convenient,  and  implying  no  »woUen  up  at  intervaia  by 

-  r..  tT-  /      #     -iftv    •      To/^c    Imbibition,    x  1200. 

theory.  Since  Krause  (ref.  12)  m  1865 
directed  special  attention  to  the  above  stripe,  and  described  it  as 
the  optical  expression  of  a  thin  membrane  extending  at  regular 
intervals  across  the  fibre,  it  has  been  frequently  designated 
Kravse'a  membrane,  a  term  best  avoided,  since  it  Implies  a  theory 
as  to  the  nature  of  the  line. 

The  mrcous  elements  of  Bowman,  of  which  the  broad  dim 
stripe  mainly  consists,  may  be  more  fitly  named  Bovmian^s 
elements,  to  commemorate  their  discovery  by  that  eminent 
observer.    I  have  long  used  that  term,  which  is  devoid  of  the 


Fig.   1.— A.   Portion   of   a 
fresh  striped  moBcalar  fibre 
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ambiguity  that  necessarily  pertains  to  the  term  sarcous  elements, 
seeing  that  they  are  not  the  only  structural  elements  of  the 
sarcous  substance.  In  the  fresh  muscle  of  Dytiscm  their  true 
outlines  cannot  be  defined ;  but  if  the  muscle  be  placed  for  some 
hours  in  half  per  cent,  solution  of  osmic  acid  they  are  seen  to  be 
rod-shaped  bodies  with  slender  shafts,  thinner  in  the  middle  than 
at  their  ends  (fig.  1,  £),  with  a  clear  interstitial  substance  filling 
the  spaces  around  the  concavities  of  the  shafts,  and  giving  rise  to 
the  appearance  of  slender  ellipses  between  adjacent  elements. 
When  I  first  made  these  observations  in  1879,  I  became  con- 
vinced that  Schafer's  drawing  of  Dytiscus  muscle  (ref.  30, 
pL  xxxiiL  fig.  1)  is  entirely  misleading;  inasmuch  as  he  has 
not  shown  the  globules  of  Dobie's  line,  but  in  their  place  he  has 
figured  a  narrow  continuous  light  stripe,  with  a  row  of  minute 
dim  dots  on  each  side  of  it,  which,  in  my  opinion,  are  mainly 
due  to  the  doubled  shadows  of  the  adjacent  globules  of  Dobie's 
line.  These  are  necessarily  in  the  course  of  the  fibrillar  out- 
lines which  Schafer  regarded  as  the  shafts  of  his  so-called 
"  muscle  rods."  It  need  surprise  no  one  that  an  observer  should 
fall  into  some  error  in  beginning  the  study  of  muscle,  but  it  is 
surprising  to  find  an  experienced  histologist  repeating  the  above 
drawing  in  1891  (ref.  32),  as  if  he  still  considered  it  of  value 
notwithstanding  the  drawings  of  the  globules  of  Dobie's  line 
given  by  Engelmann  in  1878,  Merkel  in  1881,  and  Bollett  in 
1885. 

I  attempted  to  study  the  process  of  contraction  in  Dytiseus 
muscle  by  examining  entire  fibres,  but,  like  all  observers  who 
have  adopted  that  uncertaiu  method,  I  failed  to  arrive  at  reliable 
conclusions,  and  became  convinced  that  contraction  cannot  be 
advantageously  studied  unless  the  sarcous  substance  is  fixed  by 
suitable  reagents,  to  permit  isolation  of  the  primitive  fibrils,  and 
of  their  separation  in  pairs  or  in  other  small  groups  without 
sufiPering  distortion.  Merkel  arrived  at  the  same  conclusion ;  and 
it  is  remarkable  that  Bollett,  who  has  worked  at  muscle  more 
extensively  than  any  other  observer,  should,  even  in  his  latest 
paper  (1891),  have  published  what  appear  to  me  very  misleading 
representations  of  the  phenomena  of  contraction  in  his  drawings 
of  entire  fibres  (ref.  26,  pi.  i.  fig.  4). 

I  turned  from  the  muscle  of  beetles  to  that  of  the  crab  in 
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1880,  and  I  have  found  it  the  best  of  all  muscles,  both  for 
the  teacher  and  the  student  of  histology,  not  only  because  of 
the  comparatively  large  size  of  the  structural  elements  of  the 
fibrHs,  but  more  especially  because  crab's  muscles  are  sufficiently 
large  for  easy  preparation  in  conditions  of  relaxation  and  con- 
traction by  the  methods  to  be  detailed.  At  the  International 
Medical  Congress  held  in  London  in  1881, 1  was  called  upon  to 
open  a  discussion  on  ''  The  Microscopical  Appearances  of  Striped 
Muscle  during  Best  and  Contraction  "  (ref.  27).  On  that  occasion 
I  showed  the  preparations  of  crab's  muscle  from  which  figs.  13-18 
in  Plate  XII.  had  been  previously  copied  by  my  pupil  R  J. 
Harvey  Gibson.^  These  drawings  reproduced  as  class  diagrams 
were  shown  at  the  Congress,  and  have  since  then  been  used  in 
my  teaching.  From  the  same  preparations  the  photographs 
shown  in  PL  XIII.  figs.  2,  3,  4,  and  PI.  XIV.  figs  5,  6,  7,  were 
afterwards  (1890)  taken  by  the  late  Mr  Adolf  Schulze,  and 
were  shown  by  me  at  the  meeting  of  the  British  ABSociation  in 
Oxford  in  1894,  and  at  the  Physiological  Congress  in  Berne  in 
1895.  A  brief  abstract  of  my  description  of  muscle  given  in 
1881  was  published  at  the  time  (ref.  27) ;  and  surprise  has  been 
expressed  that  I  have  not,  long  ere  this,  published  a  detailed 
account  of  observations  that  had  led  me  to  conclusions  difiTering 
widely  from  those  arrived  at  by  Krause,  Schafer,  Engelmann, 
and  Klein,  all  of  whose  views  on  muscle  were  receiving  support 
at  that  time.  But  I  have  found  it  advants^eous  to  thoroughly 
mature  my  observations  before  publishing  this  paper,  for  they 
have  enabled  me  to  understand  the  subject  more  fully  than  I 
did  in  1881.  Since  thajb  time  elaborate  papers  on  muscle  have 
been  published  by  Bollett  (refs.  23,  24,  25,  26),  van  Gehuchten 
(refs.  7,  8),  Eetzius  (ref.  22),  Schafer  (refs.  31,  32),  and  others, 
but  these  authors  have  left  ample  room  for  this  communication, 
which,  when  compared  with  some  of  their  writings,  will  justify 
my  quotation  of  the  words  used  by  Dobie  in  1848  as  still 
applicable. 

^  Professor  of  Botany  in  University  College,  Liverpool 
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Hdioeine  (or  heleoeine  X)  is  a  stain  more  valnable  than  eoedne,  for 
although  less  transparent,  it  produces  sharper  effects.  A  wateiy 
solution  rapidly  gives  a  soft  red  tint  to  muscle  fixed  in  alcohol,  Miiller 
and  spirit,  or  formol.  It  is  perhaps  the  best  stain  for  f ormol  muscle. 
It  is  permanent  in  glycerine,  and  shows  well  in  balsam  (PL  XII. 
figs.  2,  3,  4).  When  the  muscle  has  been  fixed  in  formol,  beautiful 
preparations  may  be  made  by  teasing  the  fibres  somewhat ;  adding 
glacial  acetic  acid,  then  teasing  more  finely;  washing  rapidly  in 
water ;  staining  for  a  few  minutes  with  heliocine ;  washing  in  water 
again,  and  then  mounting  in  glycerine  or  balsam.  As  previously 
stated,  the  only  effect  of  acetic  acid,  even  the  glacial  acid,  on  muscle 
fixed  in  formol,  is  to  render  bundles  of  fibnls  somewhat  clearer; 
there  is  no  swelling  of  the  fibrils ;  the  acid  appears  to  brighten  and 
more  perfectly  fix  the  heliocine  stain.  It  is  to  be  noted  that  heliodne 
fails  to  stain  if  from  any  cause  the  tissue  has  been  rendered  alkaline. 

B<mG  and  Acid  Ftichsin  are  also  good  stains  for  muscle,  although 
they  have  no  advantage  over  hetiocine,  and  are  not  so  permanent.  A 
saturated  solution  of  either  dye  in  distilled  water  is  used ;  the  teased 
muicle  left  in  it  3*-24  hours,  then  washed  in  water,  differentiated  in 
alcohol,  and  mounted  in  glycerine  or  balsam. 

Methyl-Blue  and  Eoaine, — The  solution  of  these  dyes  devised  by 
Gustav  Mann  gives  excellent  results  with  striped  muscle.  It  is  made 
as  follows : — 

1  p.c  watery  soluti<Hx  of  Methyl-blue  insoluble  in  absolute 

alcohol  (Griibler), 35  c.c. 

1  p.c  watery  solution  of  eosine  (Griibler),    .        .       4&  c.c. 
Distilled  water, 100  e.c. 

(1)  Muscle  fixed  with  formol  is  kept  for  some  days  in  methylated 
spirit;  (2)  teased  in  absolute  aleohol;  (3)  soaked  two  minutes  in 
glacial  acetic  add ;  (4)  stained  in  heliocine  solution  for  one  minute  by 
allowing  drops  of  the  heliocine  solution  to  wash  away  the  acid ;  (5) 
transferred  to  methyl-blue  eosine  stain  for  l|-2  minutes;  (6)  care- 
fully washed  with  distilled  water;  (7)  dehydrated  with  absolute 
alcohol,  and  teased  further  if  necessary ;  (8)  cleared  in  Bergamotte 
oil,  and  (9)  mounted  in  Bergamotte  balsam. 

All  the  above  agents  stain  the  chromatin  of  Bowman's  elements,  the 
globules  of  Dobie's  Mne,  and  Flogel's  elements.  Osmic  acid  darkens 
the  chromatin.  A  good  method  is  to  inject  ^  p.e.  solution  through  a 
joint  into  the  proximal  segment  of  a  living  leg ;  then  to  open  the  leg 
and  wash  the  muscle  in  water.  Gold  chloride  has  been  overrated  as 
a  staining  agent  for  muscle.  Its  action  is  capricious  and  uncertain. 
It  may  stain  the  chromatin  in  the  fibrillar  segments,  but  shows 
nothing  that  is  not  more  easily  and  more  clearly  revealed  by  other 
methods ;  or  it  may  stain  the  interfibrillar  substance  or  the  ouUines  of 
fibrillar  bundles,  and  produce  such  appearances  as  those  shown  in  PI. 
Xn.  fig.  23,  which  will  be  referred  to  later  on.  The  appearances  in  the 
above  fig.  were  obtained  by  the  method  used  by  Melhmd  (rel  14).  I 
have  also  used  the  methods  recommended  by  Ciaccio  and  by  Bolletk 
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MUSCLE  OF  CEAB. 

UNOONTRACTED. 

The  contractile  elements  in  the  sarcons  substance  of  a  striped 
fibre  consist  of  exceedingly  fine  fibrils  arranged  in  longitudinal 
bundles.  A  noncontractile  substance,  termed  sarcoplasma  by 
BoUett,  fills  up  the  intervals  between  the  bundles,  surrounds 
each  fibril  within  the  bundles,  and  also  surrounds  the  nuclei 
beneath  the  sarcolemma.  The  contents  enclosed  by  the  sarco- 
lemma  are  therefore  contractile  fibrils,  sarcoplasma,  nuclei,  and  in 
addition  to  these  the  terminals  of  nerves.  It  is  customary  with 
some  hiatok^ts  to  describe  the  sarcous  matter  as  if  it  con- 
sisted of  discs;  but  such  mode  of  description  only  leads  to 
confusion;  therefore,  I  shall  first  describe  a  single  fibril;  and 
although  my  nomenclature  is  novel,  I  trust  that  in  the  end 
ilB  simplicity  and  convenience  may  become  apparent. 

MUfiCLB  EXTENDED  TO  ITS  FULL    PHYSIOLOGICAL    LENGTH. — A 

sii^le  fibril  of  the  flexor  muscle  of  the  crab's  pincer  claw 
extended  to  its  full  physiological  length,  when  suitably  fixed 
and  stained,  is  seen  to  consist  of  a  linear  series  of  alternate 
segments,  which  I  regard  as  three  in  number. 

1.  Bo¥muaiCs  Element  is  a  somewhat  dim,  slender  cylinder, 
sli^tly  rounded  at  its  ends  and  thinnest  in  the  middle  third  or 
so  of  its  shaft  (PI.  XII.  fig.  1,  A,  h).  Its  protoplasm  is  bounded 
laterally  by  an  envelope  too  thin  to  be  visible,  but  whose 
existence  most  be  inferred  from  the  shape  assumed  by  the 
element  when  it  swells  after  the  addition  of  acetic  acid  (fig.  6, 
A,  h\  It  must  also  be  inferred  that  there  is  a  node  at  the 
equator  of  the  element  by  which  it  is  virtually  divided  into  two 
halves,  although  there  is  no  evidence  of  any  transverse  mem* 
biane  such  .as  Merkel  described  (ref.  16).  The  dimness  of  the 
element  arises  from  a  substance  which  is  readily  stained  by 
various  dyes,  and  may  therefore  be  termed  musde  chromatin: 
it  being  understood  that  the  term  implies  no  theory  as  to  its 
chemical  nature,  which  is  quite  imknown  as  yet.  But  it  may 
here  be  stated  that  when  subjected  to  lilienfeld  and  Monti's 
test  with  ammonium  molybdate,  it  is  proved  to  contain  phos- 
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phorufi;  and  further,  that  it  resembles  fats  in  the  readiness 
with  which  it  is  stained  hj  osmic  acid.  During  contraction 
the  chromatin  shifts  its  place  from  the  shaft  to  the  ends  of 
Bowman's  element,  causing  them  to  swell  out,  and  leaving  the 
shaft  clear  (PL  XII.  fig.  1,  E,  F,  b).  The  average  length  of  Bow- 
man's element  in  crab's  muscle  extended  to  its  full  physiological 
length  is  10  ju,  and  its  greatest  breadth  is  0*86  ft. 

2.  The  Intermediate  SegmerU. — It  is  convenient  to  apply  this 
term  to  the  cylindrical  segment  placed  midway  between  the 
ends  of  Bowman's  elements  (PL  XII.  fig.  1,  A,  i).  Its  average 
length  is  6  /t,  rather  more  than  half  the  length  of  Bowman's 
element.  At  its  equator,  there  is  a  node  whose  position  is 
marked  by  a  spheroid  which  may  be  fitly  termed  Dobie's  dement, 
since  it  gives  rise  to  Dobie's  line  when  the  fibrils  are  in  lateral 
apposition  (fig.  1)  (PL  XII.  fig.  3).  Dobie's  element  is  tripartite, 
and  consists  of  a  thin  transverse  band  at  its  equator  (PL  XII.  fig. 
1,  A,  B,  n),  and  a  hemisphere  of  chromatin  on  each  side  of  it 
(a,  a).  I  propose  to  term  the  transverse  line  the  intermediate 
nodai  line.  In  muscle  fixed  with  f ormol,  it  is  clearly  revealed 
by  staining  with  heliocine  or  methyl-blue  cosine :  it  stains  more 
deeply  than  the  ordinary  chromatin  adjacent  to  it.  I  failed  to 
see  the  tripartite  nature  of  the  spheroid  in  question,  untU  I 
adopted  formol  as  a  fixing  agent ;  and  I  was  fully  convinced  of 
the  above  facts  by  stretching  fibrils  imperfectly  fixed  by  picric 
acid  and  corrosive  sublimate,  and  finding  that  the  hemispheres  of 
chromatin  could  be  pulled  away  from  the  nodal  line,  leaving  it 
clearly  revealed  when  deeply  stained.  The  chromatin  of  Dobie's 
element  does  not  shift  its  place  during  the  contraction  of  the 
fibriL 

FlogeVa  Element, — I  have  been  in  the  habit  of  applying  this 
term  to  a  delicate  pear-fihaped  particle  containing  or  consisting 
of  chromatin,  placed  in  each  half  of  the  shaft  of  the  intermediate 
segment  (PL  XII.  fig.  1,  A,  /).  I  believe  the  particle  was  first  seen 
by  Brticke,  but  my  attention  was  first  drawn  to  it  in  Flogel's  paper 
(ref.  5),  in  which  the  reversal  of  the  stripes  during  contraction 
was  first  pointed  out.  I  trust,  therefore,  that  it  may  be  per- 
missible to  honour  Flogel  by  attaching  his  name  to  the  body  in 
question.  Perhaps,  however,  some  histologists  may  prefer  to 
term  it  the  accessory  elemerUy  seeing  that  it  gives  rise  to  the 
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"  accessory  stripe "  when  the  fibrils  are  in  lateral  apposition. 
The  broad  end  of  Flogel's  element  is  usually  next  Dobie's  ele- 
ment, but  it  is  occasionaUj  reversed  (PL  XIL  figs.  3  and  4).  In 
preparations  made  from  the  extensor  muscle  of  the  leg  I  found 
in  one  case  that  Flogel's  elements  were  shaped  like  minute  Bow- 
man's elements;  the  exceptional  form  in  question  is  shown  in 
PL  XII.  fig.  2.  Flogel's  elements  may  be  in  contact  wiUi 
Dobie's  elements,  or  there  may  be  a  narrow  interval  between 
them  (figs.  2,  3,  4).  FlogeVs  elements  can  always  be  demon- 
strated in  the  flexor  of  the  crab's  claw,  and  usually,  but  not 
always,  in  the  muscles  of  the  leg ;  but  they  are,  even  in  crab's 
muscle,  sometimes  reduced  to  mere  granules,  as  seen  by  Fl(^el 
in  the  muscle  of  Trornbidium ;  or  they  may  be  entirely  absent. 
They  are  not  present  in  the  tail  muscle  of  the  lobster,  or  in 
human  muscle.  When  they  are  absent,  the  shaft  of  the  inter- 
mediate segment  is  perfectly  clear  on  each  side  of  Dobie's  ele- 
ment But  even  when  Flogel's  element  is  present,  the  shaft  of 
the  intermediate  segment  is  always  lighter  than  that  of  Bowman's 
element,  owing  to  the  small  amount  of  chromatin  present. 

3.  Clear  Segment  Proper. — It  is  convenient  to  apply  this  term 
to  a  very  delicate  clear  segment  placed  between  Bowman's  ele- 
ment and  the  intermediate  segment  Its  average  length  in  the 
fuUy-extended  fibril  is  1*3 /a.  It  appears  to  be  a  fine  tubule 
containing  fluid  protoplasm  without  any  chromatin. 

Effect  of  Acetic  Add  on  Eoctended  Fibrils. — The  action  of 
acetic  acid  on  extended  fibrils  of,  say,  the  flexor  muscle  of  the 
claw  is  very  instructive.  The  muscle  should  be  fixed  in  absolute 
alcohol — not  in  forrml — and  stained  with  heliocine  or  eosine. 
When  2  p.c.  glacial  acetic  acid  is  allowed  to  act  slowly  on  the 
fibrils.  Bowman's  elements  gradually  swell,  their  concave  shafts 
become  convex  and  cask-shaped  with  a  r^;ular  contour  (PL  XII. 
fig.  6,  A,  V).  They  become  very  pale  and  transparent,  and  show 
no  transverse  line  crossing  the  equator  to  indicate  a  membrane 
there.  The  stained  chromatin  becomes  during  the  swelling  so 
diffuse,  that  the  swollen  element  has  only  a  faint  pinkish  tint 
In  remarkable  contrast  to  Bowman's  element,  the  intermediate 
segment  shows  no  tendency  to  swell  even  when  stronger  acid  is 
used  (i).  The  clear  segment  is  somewhat  widened  at  the  end 
continuous  with  Bowman's  element,  but  at  the  end  continuous 
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wiHi  the  intermediate  segment  it  is  onswoUen.  Since  tbere  is 
no  ampnllation  of  the  clear  s^ment,  it  may  be  inferred  tiiat  it 
does  not  appear  to  contain  substances  that  swell  in  acetic  add, 
and  that  the  widening  of  the  end  adjacent  to  Bowman's  element 
is  due  to  the  distension  of  that  element  This  remarkable  differ- 
ence between  the  effect  of  the  acid  on  Bowman's  element  and  on 
the  intermediate  segment  proves  that  there  is  a  chemical  differ- 
ence between  them ;  and  since  the  chromatin  in  the  intermediate 
segment  does  not  swell,  it  may  be  inferred  that  in  Bowman's 
element  the  swelling  is  not  due  to  an  action  of  the  acid  on  its 
chromatin ;  an  inference  that  can  be  readily  sustained  by  observ- 
ing the  effect  of  the  acid  on  contracted  Bowman's  elements 
where  the  chromatin  has  shifted  from  the  shaft  to  the  ends ;  the 
clear  shafts  swell  as  before  (fig.  6,  c).  The  swelling  of  the  element 
resembles  the  swelling  of  a  thread  of  fibrin  under  the  action  of 
some  acids,  and  probably  results  from  the  formation  of  acid- 
albumin.  I  have  failed  to  see  any  envelope  boundii^  Bowman's 
element,  yet  I  deem  it  impossible  to  doubt  the  existence  of  an 
excessively  thin  but  comparatively  tough  envelope,  bounding  not 
only  Bowman's  element,  but  also  the  clear  and  intermediate  seg- 
ments. Under  the  distending  force  produced  by  the  acid,  I  have 
seen  Bowman's  elements  burst  and  immediately  collapse,  just  as  a 
coloured  blood  corpuscle  does  when  distended  by  the  influence  of 
1  p.c.  hydrochloric  acid.  Probably  the  envelope  of  the  fibril  is 
merely  a  modification  of  the  outer  part  of  its  protoplasm 

It  is  also  instructive  to  observe  the  behaviour  of  small  groups 
of  fibrils  under  the  influence  of  dilute  acetic  acid.  The  disten- 
sion of  adjacent  Bowman's  elements  tends  to  force  the  fibrils 
apart,  but  their  separation  is  mostly  prevented  by  the  tenacity 
with  which  the  intermediate  segments  cling  to  each  other.  I 
believe  the  firm  adhesion  is  at  the  intermediate  nodal  line. 

When  entire  fibres,  fixed  with  alcohol,  are  acted  on  by  2  p.c. 
acetic  or  by  1  p.c.  formic  acid  and  then  torn  with  needles,  the 
fibre  cleaves  transversely  through  the  clear  segments  proper 
into  discs  composed  of  the  swollen  Bowman's  elements  and  the 
unswollen  intermediate  segments  (Plate  XII.  fig.  7).  One  can 
observe  that  Bowman's  elements  separate  very  readily  when  the 
cover-glass  is  slightly  pressed,  but  the  intermediate  segments 
cling  firmly  together.    This  important  reaction,  first  shown  by 
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Bollett  (ref.  23),  reveals  the  fact  that  the  fibrillar  segmeiits  which 
most  readily  sof tea  and  give  way  are  the  clear  segments  proper. 
Arrangemeivt  of  Mbrik  in  the  Fibre, — The  perfect  lateral 
coaptation  of  corresponding  fibrillar  segments  in  the  fibre 
appears  due  to  the  intimate  adhesion  between  the  intermediate 
segments.  The  concavities  aromid  the  middle  of  the  shafts  of 
Bowman's  elements  with  the  sarcoplasma  filling  them  give  rise 
to  the  appearance  of  a  row  of  minute  ellipses  crossing  the  middle 
of  the  broad  dim  stripe  commonly  termed  Hensen's  line.  By 
some  histologists  the  line  in  question  has  been  ascribed  to  a 
membrane  crossing  the  middle  of  the  dim  stripe,  but  there  is  no 
such  membrane ;  the  apparent  line  being  certainly  due  to  the 
concavity  in  the  shafts  of  Bowman's  elements  and  the  sarco- 
plasma between  them :  it  is  seen  very  clearly  in  contracted  fibres 
(PL  XII.  fig.  19,  h). 

The  nomenclature  of  the  transverse  stripes  of  the  fibre  con- 
sequent on  the  adoption  of  the  terms  I  have  proposed  for  the 
fibrillar  segments  may  be  arranged  in  tabular  order  as  follows : 
Broad  dim  stripe,  consisting  of  Bowman's  elements  and  in- 
cluding Hensen's  line. 
Clear  stripe  proper,  consisting  of  the  clear  segments  proper. 

r  Flogel's  line. 
Intermediate  stripe,  including    <  Dobie's  line. 

(  Flogel's  line. 
The  following  are  the  synonymous  terms  used  by  other  authors : 
TK     d  d'       t  ■     •    /  Disque  ^pais  (Banvier). 

'    \  Querscheibe  (Bollett). 
Clear  stripe  proper :  Band  J.  (Bollett). 

r  Komerschicht  (Fldgel). 
riogel's  Hne :     -|  Disque  accessoire  (Fredericq  and  Banvier). 

\  Nebenscheibe  (Engdvfumn  wnd  Bollett). 
'Disque  mince  (Banvier). 
Zwischenscheibe  (Bollett). 
Pobie's  line :   ^  Endscheibe  (Merkel). 

Quermembran  (Krause). 
Krause's  Membrane. 
r  Disque  median  (Fredericq). 
Hensen's  line :     X  Strie  interm^dian  (Banmer). 

\  Mittelscheibe  (Hensen^  Fngelmann,  Merhel). 
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Considering  how  many  terms  have  been  proposed  in  connec- 
tion with  the  microscopic  appearances  of  striped  muscle,  it  may 
seem  surprising  that  I  should  have  proposed  to  add  to  their 
number ;  but  I  trust  it  may  be  found  that  the  nomenclature  I 
have  su^ested  tends  to  simplify  a  complicated  subject,  and 
facilitates  description. 

Kolliker  has  applied  the  term  "  mtcsde  cdvmm»  "  to  the  bundles 
of  fibrils  in  a  striped  fibre,  but  the  nomenclature  proposed  by 
Thin  (ref.  33)  is  preferable :  he  showed  that  in  frog's  muscle  the 
fibrils  are  grouped  in  small  primary  bundles,  and  these  again 
into  larger  secondary  bundles  that  compose  the  fibre.  In  the 
transverse  section  of  a  fibre  each  Cohnheim's  field  is  the  section 
of  a  primary  bimdla  Thin  was  the  first  (1876)  to  demonstrate 
that  after  staining  with  gold  chloride,  a  transverse  network  is 
revealed  around  each  primary  bundle.  He  described  the  net^ 
work  as  ''composed  of  exceedingly  fine  fibres,"  and  that  ''its 
meshes  accurately  correspond  to  Cohnheim's  fields"  (ref.  33, 
p.  252).  Setzius  (ref.  21)  in  1881  described  a  similar  transverse 
network  revealed  by  the  gold  process  in  Dytiscus  muscle,  and 
pointed  out  that  it  occurs  at  regular  intervals  crossiog  the  fibre 
at  the  sites  of  the  so-called  transverse  membranes  of  Krause ; 
and  further,  that  the  transverse  networks  are  united  by  fine 
longitudinal  strands  of  a  similar  substance.  These  observations 
of  Thin  and  Betzius  have  been  confirmed  by  Melland  (ret  14) 
and  by  Marshall  (ref.  15).  According  to  Sollett,  these  appear- 
ances are  due  to  a  fibrillated  network  in  the  sarcoplasma  between 
the  bundles  of  the  contractile  fibrils ;— elsewhere — that  is,  be- 
tween the  fibrils  in  a  bundle  and  under  the  sarcolemma— the 
sarcoplasma  is  nonfibrillated. 

Beturning  to  the  intimate  adhesion  between  the  fibrils  at  the 
intermediate  nodal  line  and  the  transverse  sarcoplasmic  network 
between  the  primary  bundles  at  that  line;  remembering  the 
annular  attachment  of  the  sarcolemma  to  the  sarcous  substance 
at  the  same  line,  and  noting  the  fact  generally  overlooked — 
that  there  are  azmular  thickenings  on  the  inner  aspect  of  the 
sarcolemma  at  its  attachments  (PL  XII.  fig.  12,^),  it  is  scarcely 
surprising  that  Erause  should  have  fallen  into  the  error  of 
supposing  that  the  sarcous  substance  is  intersected  at  intervals  hy 
transverse  membranes  continued  inwards  from  the  sarcolemma. 
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Bollett  (ref.  23,  p.  29)  regards  the  so-called  transverse  mem- 
brane of  Kranse  as  a  thin  layer  of  sarcoplasma  intersecting  the 
fibrils  in  the  position  of  what  I  have  termed  the  intemodal  line, 
and  continued  between  the  primary  fibrillar  bundles  as  the 
transverse  network  of  Thin  and  Betzius,  and  he  regards  the 
transverse  layers  of  sarcoplasma  as  the  medium  through  which 
the  nerve  impulse  travels  across    the  fibre  from  the  nerve 
terminal  beneath  the  sarcolemma  to  the  several  fibrillar  bundles ; 
and  he  suggests  that  the  longitudinal  strands  of  sarcoplasm  may 
be  the  conductors  of  the  impulse  to  the  successive  layers  of 
sarcoplasm  along  the  fibre,  from  which  it  is  communicated  to 
the  adjacent  fibrillar  segments.    Without  offering  any  opinion 
on  this  theoretical  question,  which  has  been  discussed  by  several 
authors,  I  would  merely  observe  that  the  substance  of  the 
intermediate  nodal  line  can  scarcely  be  regarded  as  identical 
with  that  of  the  network  of  Thin  and  Betzius,  otherwise  one 
would  have  expected    them  to  have  found  transverse  discs 
instead  of  networks  stained  by  the  gold.    I  am  aware  that  in 
my  drawing  (PI.  XII.  fig.  23)  Dobie's  lines  are  stained  by  the 
gold  as  well  as  the  substance  between  the  bundles,  but  it  was 
not  possible  to  determine  whether  the  staining  of  Dobie's  stripe 
was  due  to  reduction  of  the  gold  in  the  substance  of  the  inter- 
nodal  band  or  in  the  chromatin  particles  on  each  side  of  it.    As 
we  aU  know,  the  chromatin  of  the  fibrillar  segments  can  be 
stained  by  gold  as  well  as  the  interfibrillar  substance.    But  I 
am  able  to  make  a  positive  statement  with   regard  to  the 
differential  effect  of  methyl-blue  eosine :  it  stains  the  substance 
of  the  internodal  line  deeply,  and  does  not  stain  the  sarcoplasm 
between  the  fibrils. 

XTneztended  Muscle. — ^In  unextended  fibres  the  clear  seg- 
ments proper  of  the  fibrils  are  usually  invisible,  so  that  the 
ends  of  Bowman's  elements  appear  close  to  the  intermediate 
segments  (PI.  XII.  fig.  14).  When  Flogel's  elements  are  absent, 
the  appearance  of  the  fibrils  is  somewhat  puzzUng,  because  there 
is  a  perfectly  clear  stripe  between  Bowman's  elements  and 
Dobie's  line.  But  the  addition  of  acetic  acid  to  the  fibre  fixed 
in  alcohol  in  the  manner  already  stated,  reveals  that  the  clear 
band  in  this  case  does  not  consist  of  the  clear  stripe  proper, 
but  of  the  shafts  of  the  intermediate  segments.    Fig.  7,  PL  XII. 
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shows  the  efiiect  of  1  per  cent  fonnic  acid  on  an 
fibre. 


Table  L  shows  meaBoremento  of  the  lengths  of  fifariDar 
the  flexor  museles  of  the  dlaws  of  the  same  ctab, — one  fnllj 
the  other  nnextended,  fixed  with  f  omu^ 


m 


Tablb  I. 


BztoDiad. 

Bowman'f  EleoMnt,     .        .9*6^ 
Clear  sequent,    .                .1*0/1. 
Intermediate  segment,         .    6*0  /a. 

8-S^ 

Ko  dear  wgnient  risible. 

coinmACTSD  uvqclr. 

AU  the  phenomena  of  contraction  occur  inside  each  fibril 
between  the  node  at  the  equator  of  Bowman's  element  and 
that  at  the  equator  of  the  intermediate  segment ;  therefore  the 
half  of  Bowman's  element,  the  half  of  the  intermediate  segment, 
and  the  intervening  clear  segment  proper,  constitute  the  ener- 
gising unit  of  the  fibril.  The  portion  of  tissue  included  in  this 
unit  Ib  extremely  small ;  even  in  the  relatively  large  fibrillar 
segments  of  crab's  muscle  it  is  only  about  9  /x  in  length  by  0*8 
fjL  in  breadth.  It  is,  therefore,  scarcely  surprising  that  the 
visible  changes  occurring  in  a  mass  so  small  should  have  proved 
so  puzzling  to  all  observers,  but  more  especially  to  those  who 
have  striven  in  vain  to  unravel  them  by  studying  the  ap- 
pearances presented  by  the  mass  of  fibrils  in  an  entire  fibre 
instead  of  in  very  small  groups  of  fibnls. 

The  Jirst  phase  of  contraction  consists  in  shortening  of  the 
clear  and  intermediate  segments.  The  second  phase  consists 
in  shortening  of  Bowman's  elements  and  reversal  of  the  stripes. 
Assuming  the  uncontracted  fibrils  to  be  fully  extended,  the  first 
visible  charige  in  contraction  consists  m  shorten/ing  of  the  interval 
between  the  ends  of  Bowman's  elements.  The  clear  segments 
entirely  disappear,  and  the  ends  of  Bowman's  elements  come 
close  up  to  the  intermediate  segments  (Plate  XII.  figs.  1,  B,  and 
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14);  Bhortening  of  the  intermedrnte  segments  then  begins, 
Flogel's  elements  become  indistinguishable,  and  the  ends  of 
Bowman's  elements  approach  close  to  the  globules  of  Dobie's 
line  (fig.  1,  C,  D ;  figs.  15,  17).  This  remarkable  shortening 
occurs  without  any  apparent  lateral  bulging  of  the  shortened 
s^ments ;  therefore  the  fluid  thej  contain  must  either  he  pressed 
or  drawn  out  of  them  into  Bowman's  elefnents.  It  is  out  of  the 
question  to  suppose  that  the  fluid  passes  between  Bowman's 
elements,  as  Erause  and  others  have  imagined. 

The  period  at  which  the  second  phase  of  the  contraction,  viz., 
the  shortening  of  Bowman's  elements,  begins,  appears  to  vary. 
I  have  in  many  preparations  seen  the  interval  between  the 
ends  of  these  elements  reduced  apparently  to  little  more  than 
the  breadth  of  Dobie's  elements  before  they  had  begun  to 
shorten  and  the  chromatin  to  accumulate  at  their  ends.  When 
such  is  the  case,  the  fibrils  have  an  almost  uniformly  dim  ap- 
pearance, owing  to  the  invisibility  of  those  portions  of  the  fibril 
that  contain  little  or  no  chromatin.  This  is  the  so-called  *'  homo- 
geneous stage  "  of  contraction,  first  noticed  by  Merkel  (ref.  16). 
In  this  condition  the  fibrils  are  never  really  homogeneous  even  in 
appearance.  When  suitably  stained  the  globules  of  Dobie's  line 
can  always  be  seen.  Figs.  16  and  2S  show  the  homogeneous  stage 
in  fibrils  fixed  in  Mtiller  and  spirit,  and  stained  with  cosine. 

It  is,  however,  also  frequently  the  case  that  Bowman's  elements 
begin  to  contract  before  the  shortening  of  the  interval  between 
them  and  Dobie's  line  is  completed.  That  is  shown  in  PI.  XII. 
fig.  1,  G,  an  eiilai^ed  copy  of  the  appearances  in  fig.  5,  which  was 
drawn  from  fibrils,  that  fortunately  showed  all  the  changes 
from  the  state  of  rest  (r)  to  that  of  complete  contraction  (0- 
That  drawing  made  in  1882  is  quite  harmonious  with  the  photo- 
graphs (Pis.  XIII.  and  XIV.)  taken  at  a  later  time  from  prepara- 
tions of  the  same  muscle.  The  only  change  made  in  the  draw- 
ing has  been  the  addition  of  Flogel's  elements  as  I  afterwards 
saw  them  with  better  methods  of  fixation  and  staining.  The 
drawing  is  also  in  harmony  with  the  observations  of  Engelmann 
(ret  4),  who  found,  as  the  result  of  a  large  number  of  measure- 
ments, that  Bowman's  elements  begin  to  shorten  before  the  short- 
ening of  the  interval  between  their  ends  is  completed. 

During  the  contraction  of  Bowman's  elements  the  chromatin 
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fifaif ts  from  each  half  of  their  ehaf Is  to  their  ends,  cansiiig  them 
to  swell  and  become  dimmer,  and  leaving  the  shafts  clear.  For 
a  time  it  is  possible  to  recognise  Dobie's  line  between  the  adja- 
cent swollen  ends  of  Bowman's  elements  (PL  XII.  fig.  5,  eP) ;  but 
when  the  contraction  is  complete,  it  is  usually  imposEdble  to 
HiflhingniRh  it  The  clear  stripe  of  the  fully-contracted  fibre 
therefore  consists  of  the  shafts  of  Bowman's  elements  deprived 
of  chromatin,  while  the  dim  stripe  is  composed  of  two  rows  of 
the  dim  swollen  ends  of  Bowman's  elements,  with  Dobie's  ele- 
ments and  other  tissue  elements  of  the  intermediate  s^ments 
between  them  (PL  XII.  figp.  1,  E,  F,  18 ;  Pis.  XIII.  and  XIV. 
figs.  4,  5,  6,  7). 

Table  II.  shows  the  comparative  lengths  of  fibrillar  segments 
relaxed  and  contracted  in  preparations  from  similar  muscles  of 
same  crab.  The  table  will  be  readily  understood  K  it  be  kept  in 
mind  that  the  light  stripe  of  the  contracted  fibre  consists  of  the 
shafts  of  Bowman's  elements  that  have  become  clear ;  while  the 
dim  stripe  consists  chiefly  of  the  adjacent  swollen  ends  of  these 
elements,  with  Dobie's  line  between  them. 


Table  II. — Flexor  of  Crab's  Leg. 


A 
Uncontracted  and  Extended. 

B 

Homogeneous 

Sta^of 
Contmction. 

0 
More  Contracted. 

D 

Still  more 
Contracted. 

Bowman's  Element,    .     8*1  ft 
Interval  between  ends 
of  6.  Elements,       .     8'76f« 

7-62f* 
2*58  ffr 

Light  stripe,  8*37/4 
Dim  stripe,    1'8'^f* 

2*82  fc 
2'25ffr 

Total  lengths,       .  16'85f« 

10  15^6 

6-24fc 

4-67 1» 

I  have  selected  the  measurements  given  in  Table  II.  as  fairly 
typical:  it  is  unnecessary  to  give  a  larger  number,  since  this 
part  of  the  subject  has  been  very  fully  treated  by  Engelmann 
(ref .  4). 

The  effect  of  2  p.c.  acetic  or  1  p.c.  formic  acid,  on  contracted 
muscle,  previously  fixed  in  alcohol  and  stained  with  cosine,  is 
shown  in  PL  XII.  fig.  6,  G ;  the  appearance  of  the  muscle  pre- 
vious to  addition  of  the  acid  is  shown  in  6,  B.    The  acid  causes 
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the  shafts  of  Bowman's  elements  (h)  to  swell  (as  in  the  uncon- 
tracted  fibril,  6,  A),  but  the  dim  stripe  remains  imswollen,  proving, 
in  the  clearest  manner,  that  the  light  stripe  of  the  contracted 
fibre  is  not  the  light  stripe  of  the  relaxed  fibre,  as  was  for  a  long 
time  erroneously  supposed. 

Taking  the  above  as  the  main  phenomena  of  contraction 
visible  with  the  microscope,  aided  by  photographs,  the  familiar 
question  arises,  How  are  they  brought  about?  More  es- 
pecially, what  is  the  nature  of  the  shortening  of  the  interval 
between  the  ends  of  adjacent  Bowman's  elements  ?  We  have 
seen  that  the  clear  segment  first  becomes  invisible,  and  that  the 
shortening  of  the  intermediate  segment  quickly  follows.  I  have 
already  stated  why  we  must  believe  that  fluid  passes  from  these 
segments  into  Bowman's  element,  and  I  have  asserted  that  it 
must  either  be  pressed  or  dravm  into  Bovmuin's  element.  It  is 
easy  to  imagine  that  the  clear  and  intermediate  segments  are 
contractile  and  express  their  contained  fluid  into  Bowman's 
elements ;  when  Bowman's  elements  contract,  their  chromatin 
shifts  to  their  ends,  probably  because  it  is  expressed  from  the 
contracting  tissue,  but  the  fluid  that  had  passed  into  them  from 
the  clear  and  intermediate  segments  is  not  passed  back  into 
them  until  contraction  is  ended.  It  is  surely  a  very  remarkable 
fact,  that  if  fluid  is  pressed  into  Bowman's  elements  before  they 
shorten,  that  it  is  not  to  some  extent  pressed  back  again  when 
their  contraction  occurs.  If  all  the  segments  of  the  fibril  are 
contractile,  ought  we  not  to  have  expected  them  all  to  undergo 
similar  changes  when  acted  on  by  acetic  acid  ?  Tet  we  have 
seen  that  there  ia  a  remarkable  difference  between  the  effect  on 
Bowman's  elements  and  on  the  intermediate  segments.  More 
especially,  does  the  chemical  difference  not  point  to  a  probable 
difference  of  physiological  property  1  The  contraction  of  striped 
muscles  might  be  accounted  for  on  another  theory — by  suppos- 
ing that  Bowman's  elements  are  the  only  real  active  agents  in 
contraction,  that  they  cause  shortening  of  the  clear  and  inter- 
mediate segments  by  absorbing  fluid  from  them,  and  shorten 
themselves  by  forcible  rearrangement  of  their  micellae,  and 
in  so  doing  press  the  chromatin  to  their  ends,  but  not  the  ab* 
sorbed  fluid,  which  they  still  hold  by  attraction  in  their  micellar 
networks.    When  contraction  is  over,  elastic  reaction  presses 
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the  fluid  chromatin  back  to  itB  own  spaoea  in  the  shaft,  and  tiie 
abaorbed  watery  flmd  is  pennitted  to  letom  to  the  intermediate 
a^^ment,  which  probably  elangatea  by  its  own  elaslicity.  On 
auch  a  theoiy  the  intermediate  segments  would  be  regarded  as 
passive  elastic  elements,  interposed  like  elastic  baffers  between 
the  ends  of  Bowman's  elements.  This  is  obviously  the  ab- 
sorption theory  of  Erause  in  a  new  dress,  consequent  on  de- 
monstration of  fibrils  and  their  8^;ments,  and  the  visible  changes 
they  severally  undergo  during  contraction  But  the  great 
difficulty  in  the  way  of  the  absorption  theory,  even  in  the  above 
shape,  is  the  rapidity  of  the  process  of  contraction.  All  the 
phenomena,  from  the  beginning  to  the  end  of  shortening  in 
Crab's  muscle,  can  occur  in  about  half  a  second ;  and  with  the 
more  minute  segments  of  the  fibrils  in  vertebrate  muscle, 
the  rapidity  is  considerably  greater.  But  we  must  remember, 
the  rapidity  with  which  a  heavy  fluid  like  mercury  can  move 
within  the  capillary  electrometer  is  greater  than  the  rapidity  of 
the  shortening  of  muscle ;  and  we  must  keep  in  view  the  possi- 
bility of  the  movement  of  fluid  into  Bowman's  elements  being 
due  to  the  electrical  change  which  accompanies  the  contraction. 
Another  point  also  to  be  kept  in  mind  is  that,  judging  from  the 
above  appearances,  a  small  contraction  of  a  muscle  does  not 
involve  any  shortening  of  Bowman's  elements,  but  merely  of  the 
interval  between  their  ends,  and  this  would  have  to  be  accounted 
for  by  the  process  of  absorption  only.  Of  course,  the  veiy  smaU 
size  of  the  energising  unit  as  above  indicated  must  not  be  lost 
sight  of.  Nor  must  one  lose  sight  of  the  fact  that  fluid  does 
actually  move  from  s^ment  to  segment,  whatever  theory  we 
adopt  as  to  the  cause  of  its  movement.  It  is  needless  at  present 
to  discuss  the  theory  of  contraction  at  greater  length,  for 
evidently  it  must  be  left  an  open  question. 

The  account  above  given  of  the  visible  changes  in  contracting 
muscle  is  entirely  in  harmony  with  the  descriptions  given  by 
Merkel  in  1872  and  1881  (refs.  16,  18),  and  by  Fredericq  in 
1874  (ref.  6),  but  their  methods  of  preparing  the  tissue  did  not 
enable  them  to  see  many  of  the  details  above  described.  The 
papers  published  by  EoUett  in  1891  (refs.  25,  26)  certainly  show 
that  he  has  found  the  phenomena  of  contraction  an  extremely 
puzzling  subject     I  trust  he  will  investigate  the  phenomena  in 
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Crab's  muscle  by  the  methods  above  detailed,  and  that  he  may 
be  able  to  confirm  my  ocHiclnsioDS. 


Muscle  of  Lobster. 

The  muscle  of  the  lobster's  limbs  is  quite  similar  to  that  of 
the  crab  (PL  XII.  fig.  8),  but  the  latter  is  greatly  to  be  pre- 
ferred for  the  preparation  of  striped  muscle  on  any  extensive 
scale  for  teaching  purposes^  because  the  muscles  of  the  lobster's 
pincer  are  too  large  to  permit  of  easy  penetration  of  the  fixing 
fluid,  and  those  of  the  legs  are  much  inferior  to  those  of 
the  crab.  The  muscles  of  the  tail  and  back  are  specially  in- 
teresting because  of  the  small  siae  of  Bowman's  elements,  and 
the  absence  of  Flogel's  elements  (fig.  9).  The  length  of 
Bowman's  elements  in  the  muscles  of  the  pincer  claw  is  5*8  fi, 
while  in  the  muscles  of  the  back  and  tail  their  length  is  only 
3*1  fi).  The  smaller  size  of  the  energising  units  in  the  dorsal  and 
caudal  muscles  compared  with  those  of  the  limbs  probably  have 
reference  to  the  more  rapid  contraction  of  the  former.  The 
muscle  in  question  is  also  interesting  because  its  structure 
exactly  resembles  that  of  vertebrate  muscle. 


Skeletal  Muscle  of  VsRTEBRATEa 

I  have  examined  the  tail  muscle  of  the  newt  (fig.  10),  the 
1^  muscle,  and  infrahyoid  musole  ei  the  salamander,  the 
infrahyoid  of  1^  frog,  the  muscle  of  the  dog's  diaphragm^ 
and  that  from  an  amputated  human  leg  (fig.  11).  All  were 
nncontracted,  all  unextended  except  the  diaphragm,  and  all 
were  prepared  by  the  same  methods  as  for  crab's  muscle.  In  all 
these  varieties  of  vertebrate  muscle  the  segments  of  the  fibrils 
exactly  resembled  those  of  the  tail  muscle  of  the  lobster  in  every 
respeet  except  their  smaller  size.  In  figs.  10  and  11,  the  muscle 
was  magnified  to  exactly  the  same  extent  as  in  figs.  8  and  9 ; 
they  therefore  show  exactly  the  comparative  size.  Bowman's  and 
Dobie's  elements  were  always  visible,  but  no  Flbgel's  element& 
In  the  imextended  muscle  the  whole  length  of  the  light  interval 
between  the  adjacent  ends  (A  Bowman's  elements  may  be  re« 
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garded  as  the  intermediate  segment  Table  IIL  shows  the 
lengths  of  Bowman's  elements  in  the  yertebrate  mosdes  enmner- 
ated  above. 

Table  IIL 


LfPgtit*  of  Bowman's  Slements  and  Intamiedittte 
SiigmnntB,  ejLpieoBed  in  /u 


B.  elements 
Infimed.8egt& 


Newt. 

1-4 
0-6 


mander. 
1-6 
0-5 


Frog.        Man. 


1-6 
0-5 


1-8 
0-8 


Dog. 

1-9 
1-6 


Tl&e  dog^  mus- 
cle (diaphngm) 
was  forcibly  ex- 
tended before 
fixation. 


The  changes  in  the  fibrils  of  yertebrate  mnade  during  con- 
traction are,  as  one  would  expect,  similar  to  those  already 
described  in  the  muscle  of  arthropods : — ^the  ends  of  Bowman's 
elements  approach  Dobie's  line  and  reyersal  of  the  stripes  takes 
place.  I  obseryed  these  changes  in  the  muscle  of  the  trog^  but 
the  small  size  of  the  fibrillar  s^ments  preyented  my  pursuing 
this  subject  further  in  yertebrate  muscle. 


Thb  Effect  of  CuByATURK  on  the  Micbosoopical 

Apfeabances  of  Musclb. 

The  appearances  of  striped  muscle  that  haye  proyed  so  puzzling 
to  the  microscopist  depend  (1)  on  the  fact  that  the  segments  of 
the  fibrils  are  not  of  uniform  calibre ;  (2)  their  highly  retractile 
chromatin  is  not  equally  distributed  in  the  relaxed,  and  still  less 
so  in  the  contracted  fibrils;  (3)  when  the  li^t  is  transmitted 
throu^  the  mass  of  fibrils  that  constitute  a  fibre,  the  effects  of 
curvatune  and  of  unequally  distributed  chromatin  are  still  more 
complicated  by  the  superposition  of  many  bundles  of  fibrils :  it  is 
easy  to  understand  why  obseryers  haye  arriyed  at  conclusions 
that  haye  differed  so  widely  from  each  other.  Confusion  is 
ineyitable  unless  it  be  recognised  by  all  that  the  fibrils  must  be 
studied  singly  and  in  yery  small  groups,  and  that  they  must  be  suit- 
ably fixed  and  stained  to  permit  of  their  characters  being  ri^tly 
apprehended.  The  effect  of  <^uryature  is  well  seen  in  the  ex- 
amination of  Bowman's  elements  in  a  group  of  three  or  four 
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fibril&  The  rays  rendered  divergent  by  the  concavity  in  the 
middle  third  of  their  shafts  cannot  be  focussed  with  the  same 
position  of  the  lens  as  the  parallel  or  convergent  rays  trans- 
mitted by  their  ends ;  therefore,  with  a  superficial  focus  the  ends 
are  light  and  the  centre  dim,  while  these  appearances  are 
reversed  with  a  deeper  focua  Fig.  22  shows  portions  of  three 
fibrils  of  crab's  muscle  in  the  "  homog^ieous "  stage  of  contrac- 
tion. A  was  drawn  with  a  "  superficial "  and  B  with  a  "  deeper 
focus,"  to  show  the  reversal  of  the  light  and  dim  appearances  due 
to  curvatures  in  the  fibrils,  and  difference  of  refractive  index 
between  the  fibrils  and  the  intervening  sarcoplasma.  The  optical 
effects  of  curvature  are  also  well  seen  in  the  photograph  of 
contracted  muscle  shown  in  PL  XIV.  fig.  5  (see  description  of 
fig.).  The  old  theory  that  the  peculiar  appearances  of  striped 
muscle  are  all  due  to  curvature  was  skilfully  criticised  and  then 
disnussed  by  Dobie  in  1848 ;  and  it  is,  indeed,  remarkable  that 
the  old  exploded  theory  should  have  been  revived  by  Haycraf  t 
(ref.  9),  and  persistently  advocated  by  him  so  late  as  1891  (ref. 
10).  Previous  to  the  publication  of  his  later  paper,  he  had  for 
several  years  every  opportunity  of  examining  all  my  prepara- 
tions of  muscle,  including  those  drawn  in  PL  XII.  figs.  13-18, 
which  he  heard  me  describe  in  1881  and  on  several  subsequent 
occasions ;  yet  in  tus  later  paper  (ref.  10,  p.  297)  he  states  that 
''the  fibrils  are  varicose,  and  have  a  different  refractive  index 
from  the  interfibrillar  matter  in  which  they  lie :  they  in  conse- 
quence present  the  optical  striping  possessed  by  all  such  bodies 
under  similar  circumstances ;  and  we  have  no  reason  to  swppose 
that  this  striping  has  any  other  interpretation."  (The  italics  are 
mina)  To  prop  up  his  untenable  theory,  he  ignored  Bowman's 
elements,  the  comparative  efifocts  of  acids  on  them  and  the  inter- 
mediate segments,  the  effects  of  dyes  on  the  chromatin;  and 
directed  special  attention  to  the  production  of  collodion  casts  of 
striped  muscle,  showing  that  moulds  can  be  taken  of  superficial 
curvatures  that  exhibit  stripes  corresponding  to  Dobie's  and 
Bowman's  stripea  I  can  scarcely  beKeve  that  any  histologist 
who  has  studied  muscle  with  an  unbiassed  mind  can  be  misled  by 
such  superficial  treatment  of  an  intricate  subject 
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Appearances  of  Striped  Muscle  in  Polarised  Light. 

The  statements  made  by  able  observers  regarding  the  appear- 
ances of  striped  muscle  in  polarised  light  are  in  some  par- 
ticulars remarkably  contradictory.  The  chief  cause  of  the 
discrepancy  has  been  the  failure  of  some  observers  to  perceive 
that  observations  made  on  entire  fibres  are,  from  the  nature  of 
the  tissue,  very  liable  to  fallacy,  and  that  very  small  groups  of 
fibrils  should  be  chosen  for  examination. 

My  observations  have  been  made  entirely  on  fibrils  fixed 
with  alcohol,  formol,  or  Miiller  and  spirit,  and  mounted  in 
glycerine.  I  used  the  well-known  polariscope  of  Hartnack  and 
Prazmowski  with  oxyhydrogen  light,  in  the  path  of  which  a 
sheet  of  green  glass  may  be  interposed  between  the  lamp  and 
the  microscope  with  advantage  All  are  agreed  that  in  the  un- 
contracted  fibre  Brticke  rightly  described  the  sarcous  elements 
as  anisotropic. 

According  to  Engelmann  (ref.  3)  all  the  rest  of  the  sarcous 
substance  is  isotropic,  but  I  believe  he  stands  alone  in  this 
opinion.  When  small  groups  of  fibrils  are  estamined,  it  can  be 
clearly  seen  that  Dobie's  elements  are  anisotropic,  as  Brticke, 
Flogel,  Merkel,  and  Fredericq  have  stated,  although  they 
alluded  to  these  elements  under  different  names  (p.  323). 
The  shaft  of  the  intermediate  segment  on  each  side  of  Dobie's 
line  I  find  to  be  isotropic  if  it  contam  no  ehromcUin,  but  when 
Fldgel's  elements  are  present  they  are  anisotropic  as  Fredericq 
(ref.  6,  p.  41)  correctly  stated:  he  described  them  as  the 
**  secondary "  or  accessory  disc.  The  clear  segments  proper 
and  the  interfibrillar  substance  are  isotropic. 

Conflicting  statements  have  also  been  made  regarding  the 
contracted  fibre :  Merkel  and  Fredericq  found  that  in  the 
**  homogeneous  **  or  "  intermediate  '*  stage  of  contraction,  when 
the  ends  of  Bowman's  elements  have  approached  closely  to 
Dobie's  line,  there  is  no  longer  any  isotropic  substance  to  be 
seen  between  the  ends  of  Bowman's  elements  and  Dobie's  line. 
But  I  entirely  dispute  the  statement  that  there  is  a  thin  layer 
of  isotropic  substance  crossing  the  equator  of  Bowman's 
elements.    The  error  has  arisen  from  the  fact  that  the  middle 
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portion  of  each  element  is  surrounded  by  a  shallow  furrow 
filled  with  isotropic  8arcoplasma>  so  that,  if  a  fibre  or  large 
group  of  fibrils  be  examined  with  crossed  nicols,  a  dim  stripe 
is  seen  crossing  the  middle  of  the  bright  band,  due  to  the  double 
refraction  of  Bowman's  elements.  With  regard  to  the  stage  of 
complete  contraction  in  which  the  shafts  of  Bowman's  elements 
have  been  left  clear  owing  to  shifting  of  the  chromatin  to  their 
ends,  Fldgel  rightly  stated  that  the  shafts  remain  anisotropic. 
His  statement  regarding  the  dim  band  of  the  contracted  Jiire 
was  at  first  indefinite,  but  in  an  appendix  to  his  paper  (ref.  5, 
p.  78)  he  states  definitely  that  the  whole  of  the  dim  band  is 
doubly  refractila  He  was  not  aware  that  the  "granules"  on 
each  side  of  Dobie's  line  in  the  contracted  fibre  are  the  ends 
of  the  ''sarcous  elements"  swollen  with  chromatin.  He 
erroneously  regarded  them  as  his  '*  granule  layer."  Merkel 
(ref.  18,  p.  688)  arrived  at  the  same  conclusion  as  Flogel 
regarding  the  double  refraction  of  both  dim  and  light  stripes  in 
the  contracted  fibre ;  but  Fredericq,  while  agreeing  that  the 
dim  band  is  anisotropic,  stated  that  the  hght  stripe  consisting 
of  the  clear  shafts  of  Bowman's  elements  is  isotropic  (ref.  6, 
p.  49).  On  the  other  hand,  Engelmann  (ref.  3)  has  arrived  at 
the  very  opposite  conclusion :  to  him  the  dim  stripe  of  the  con- 
tracted fibre  is  isotropic,  while  the  dear  stripe  is  anisotropic, 

Engelmann's  illustrations  of  striped  muscle  as  seen  with 
polarised  light  have  been  copied  into  the  text-books,  and  his 
statements  have  been  taken  by  some  authors  as  satisfactory, 
yet  it  is  not  difficult  to  prove  that  they  are  erroneous.  The 
dim  bands  of  the  contracted  fibre  principally  consist  of  accumu* 
lated  chromatin;  when  viewed  with  crossed  nicols  they  are 
quite  bright,  and  therefore  doubly  refractile ;  but  the  shafts  of 
Bowman's  elements  are  by  no  means  so  bright  as  they  are  in 
the  uncontracted  fibrils,  and  not  nearly  so  bright  as  the  stripes 
that  contain  the  shifted  chromatin.  I  therefore  agree  with 
the  statements  of  Fldgel  and  MerkeL  I  am  convinced  that 
the  chromatin  of  the  fibrils  is  a  doubly  refractile  fluid  sub- 
stance; that  the  tisstce  of  Bowman's  elements  is  also  doubly 
refractile,  although  feebly  so ;  that  the  shaft  of  the  intermediate 
segment  is  highly  refractile  unless  it  contain  chromatin,  and 
that  the  clear  segment  appears  to  be  always  singly  refractile. 
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In  view,  howeyer,  of  the  discrepancj  of  the  statement  regarding 
the  isotropic  and  anisotropic  parts  of  the  sarcous  matter,  it 
seems  to  me  very  desirable  that  in  describing  the  stmctore  of 
the  saroons  substance,  reference  to  its  appearances  in  polarised 
light  should  be  avoided  until  all  the  appearances  in  ordinary 
light  have  been  detailed,  otherwise  confusion  and  misapprehen- 
sion are  inevitable. 


Obssrvations  on  the  Theories  of  some  other  Authors. 

Having  declared  myself  a  supporter  of  the  fibrillar  theory 
of  striped  muscle,  it  follows  that  I  am  in  harmony  with  KoUiker, 
Merkel,  Fredericq,  and  Sollett;  and  that  I  entirely  disagree 
with  the  opinions  of  Krause,  Engelmann,  Klein,  Marshall, 
Melland,  van  Gehuchten,  and  others  who  have  advocated  the 
doctrine  originally  started  by  Bowman,  that  the  fibrils  result 
from  post-mortem  cleavage  of  the  sarcous  substance.  After 
the  adverse  critidsms  on  the  erroneous  theory  of  Camoy 
and  Marshall,  who  raised  the  sarcoplasma  to  the  dignity  of 
a  contractile  network,  and  degraded  the  substance  of  the  fibrils 
into  a  passive  enchyUma,  it  seems  needless  to  dwell  on  a 
doctrine  so  untenable ;  but  the  new  theory  advanced  by  Schafer 
(ref.  32)  ought  not  to  be  left  unnoticed,  because  of  the  eminence 
of  the  author  and  the  great  influence  he  exercises  on  the  teach- 
ing and  study  of  histology,  as  the  editor  of  the  histolc^ical 
portions  of  Qtutin'a  Anatomy  that  has  long  been  a  leading 
text-book  in  this  country.  He  regards  ''  the  wing  muscles  of 
insects  as  furnishing  the  key  to  the  proper  understanding  of  the 
structure  of  muscle"  (Quain's  Anat,^  10th  ed.).  Each  fibre  is 
*'  a  large  bundle  of  musde  columns  '*  or  sarcostyles  embedded  in 
a  considerable  amount  of  sarcoplasm  enclosed  within  sarcolemma. 
The  term  "  sarcostyle  "  is  only  another  name  for  primary  JmnMe 
of  fibrils.  Adopting  Erause's  old  "casket  theory,"  he  r^rds  the 
sareostyle  as  divided  at  regular  intervals  by  Krause's  transverse 
membranes  into  "  musde  segments  "  or  "  sartmneresl*  which  are 
only  new  names  for  Erause's ''  muscle  caskets."  Erause  (ref.  12) 
stated  that  the  sarcous  matter  in  each  compartment  consists  of 
^  row  of  sarcous  elements  with  a  fluid-like  substance  between 
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them,  and  filling  the  portion  of  the  light  stripe  between  their 
ends  and  his  transverse  membrane.  Schafer  gives  to  the  time- 
honoured  term  sarcons  element  a  new  significance:  he  now 
applies  this  name  to  the  portion  of  sarcous  matter  in  the 
**  sarcomere "  that  stains  with  hsematoxyUn.  This  "  sarcous 
element "  is  a  strongly  refracting  disc-like  structure,  separated 
from  Erause's  membrane  by  ''a  clear  interval  occupied  by 
hyaUne  substance."  It  is  ''pierced  by  short  tubular  canals 
that  extend  from  the  clear  interval  as  far  as  the  middle  of  the 
disc,"  where  there  is  "  a  median  clear  interval  that  corresponds 
with  the  line  of  Hensen."  "  These  canals  give  it  a  longitudioally 
striated  appearance."  During  contraction,  fluid  is  absorbed 
into  the  visible  pores  of  the  discoid  *'  sarcous  element,"  so  that 
"its  ends  approach  the  membranes  of  Krause."  This  new 
theory  of  muscle  is  obviously  only  a  new  version  of  Krause's 
theory.  Although  Erause  supposed  that  during  contraction 
fluid  passes  from  it  between  the  sarcous  elements  of  Bowman,  he 
did  at  all  events  recognise  these  elements  as  discrete  rod-like 
bodies.  I  trust  Schafer  may  be  induced  to  recognise  that  this 
new  theory  is  as  erroneous  as  his  old  theory  of  "  muscle-rods," 
and  that  students  of  histology  will  be  spared  much  per- 
plexity if  he  withdraw  it  I  have  examined  the  wing  muscles 
of  the  blow-fly  fixed  with  alcohol,  stained  with  heliocine  and 
mounted  in  glycerine,  and  I  find  that  the  segments  of  the  fibrils 
are  precisely  similar  to  those  of  vertebrate  muscle.  Bowman's 
elements  have  their  typical  shape,  the  globules  of  Dobie's  line 
are  visible,  but  there  are  no  Flpgel's  elements.  The  homo- 
geneous stage  of  contraction  with  the  ends  of  B.  elements  close 
to  Dobie's  line,  and  also  the  further  stage  of  contraction  showing 
complete  reversal,  were  seen. 

I  cannot  close  this  paper  without  referring  more  particularly 
to  Sollett's  elaborate  researches  on  striped  muscle  published  in 
1885  and  1891.  His  research  has  had  reference  principally  to 
the  structure  of  muscle  in  beetles,  of  which  he  has  examined 
some  three  hundred  varieties.  His  papers  contain  many  in- 
teresting observations  regarding  the  relative  arrangements  of 
fibrils  and  sarcoplasma,  the  terminations  of  nerves,  the  efifect 
of  acids  on  the  sarcous  substance,  and  its  cleavage  into  discs. 
He  has  to  a  large  extent  studied  the  fibres  in  their  living  state. 
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or  fixed  with  alcohol  or  osmie  acid.  His  chief  stainiiig  agents 
were  gold  chloride  and  hsematoxyliiL  I  confess  that  when  I 
received  his  elaborate  papers  I  expected  that  he  must  have 
left  little  for  me  to  add,  bat  on  perusing  them  I  perceived 
that  he  had  left  abondance  of  room  for  this  commmiication. 
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DESCRIPTION  or  PLATES. 

Platb  XII. 

Significance  of  Letters  freqiiently  repeated  in  the  Drawings, 


b.  Bowioan's  elements. 

c.  Clear  segment  proper. 

d.  Bobie's  elements. 
/.  Fldgel's  elements. 


h,  Hensen's  line. 

i.  Intermediate  segment. 

n.  Intermediate  nodal  line. 


Pig.  1. — Semischematic  representation  of  portions  of  fibrils  of 
crab's  muscle,  showing  the  appearances  of  the  fibrillar  segments  in 
the  several  stages  from  complete  relaxation  to  complete  contraction. 
Muscle  fixed  with  Miiller  and  spirit,  and  stained  with  eosine.  The 
segments  of  the  fibrils  are  drawn  to  scale  as  regards  length,  but  their 
breadth  is  doubled,  and  the  increase  in  breadth  during  contraction  in 
G,  D,  E,  F  is  only  approximative. 
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A.  Portion  of  a  fibril  nncontracted  and  extended  to  its  fnU  normal 
length,  bf  Bowman's  element;  t,  intermediate  s^pnent;  d,  Dobie's 
element,  consisting  of  two  hemispheres  of  chromatin  (a,  a)^  and  a 
transverse  nodal  line  between  them  (n) ;  /,  Flogel's  element ;  c,  clear 
segment  proper. 

B.  First  stage  of  contraction.  Shortening  first  appears  in  the 
interval  between  ends  of  Bowman's  elements.  The  clear  segments 
have  disappeared,  and  the  dear  interval  between  Flogel's  elements 
and  Dobie's  elements  has  also  disappeared,  indicating  slight  shortening 
of  the  intermediate  segment.  There  is  as  yet  no  shortening  of 
Bowman's  elements. 

G.  A  later  stage  of  contraction.  Bowman's  elements  have  now 
begun  to  shorten,  and  the  shortening  of  the  intermediate  segment  has 
increased. 

D.  A  still  later  stage  of  contraction.  Intermediate  segment  so 
much  shortened  that  Flogel's  elements  are  no  longer  visible,  and  the 
ends  of  Bowman's  elements  have  come  very  near  to  Dobie's  element. 
Bowman's  elements  are  slightly  shortened,  and  the  chromatin  has 
partially  shifted  from  their  shafts  to  their  ends,  causing  the  latter  to 
swell. 

£.  A  still  later  stage  of  contraction.  Bowman's  elements  are  still 
more  shortened,  their  ends  are  swollen  with  chromatin,  and  Dobie's 
element  is  no  longer  clearly  visible  between  them. 

F.  Complete  contraction,  showing  Bowman's  elements  still  shorter, 
their  shafts  now  clear,  owing  to  complete  shifting  of  the  chromatin  to 
their  ends. 

Figs.  2,  3,  4. — Small  bundles  of  fibrils  from  extensor  of  leg  of 
different  crabs  tmcontracted  and  extended  to  full  normal  length: 
formol;  heliocine;  glycerine  (Z^^ss  -^  homogen,  obf.).  Figs.  3  and 
4  are  drawn  on  a  lower  scale  than  fig.  2.  Bowman's  elements  (5), 
Dobie's  elements  (d\  and  the  clear  segments  proper  (c)  are  similar  in 
each  bundle,  but  Flogel's  elements  differ  in  each  case.  Fig.  3  shows 
their  usual  appearance,  in  which  the  broader  end  of  the  pear-shaped 
particle  is  next  Dobie's  element.  In  fig.  4,  the  narrower  end  is  next 
Dobie's  element.  In  fig.  2,  their  appearance  is  quite  exceptional, 
resembling  that  of  minute  Bowman's  elements.  In  figs.  2  and  4 
there  is  a  narrow,  clear  interval  between  Flogel's  and  Dobie's  elements 
which  is  absent  in  fig.  3.  In  fig.  2,  A,  a  single  fibril  is  shown. 
In  figs.  2,  3,  4,  h  indicates  Hensen's  line  resulting  from  annular 
furrows  surrounding  the  middle  third  of  Bowman's  elements,  filled 
with  sarcoplasma,  and  appearing  as  elliptical  spaces  in  the  optical 
section. 

Fig.  5. — Three  fibrils  of  crab's  leg  muscle,  showing  the  successive 
stages  from  complete  relaxation  (r)  to  complete  contraction  (t).  h  to 
b^^  show  the  various  appearances  of  Bowman's  elements ;  d  to  d^,  the 
appearances  of  Dobie's  elements;  /to/*,  the  appearances  of  Flogel's 
elements.  c,  Clear  segments  proper.  Miiller  and  sp. ;  eosine ; 
glycerine.  The  semischematic  representation  of  fibrils  shown  in 
fig.  1  is  taken  from  this  drawing.  Flogel's  elements  were  seen  only 
as  apparent  granules  when  this  drawing  was  made  (see  fig.  20),  but 
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io  render  tlie  drawing  more  complete  they  have  been  introduced  as 
afterwards  seen  by  staining  with  heliocine.  (Camera  lucida,  Zeiss 
Yff  hoTnogen,  obj,) 

Fig.  6,  A. — ^XJncontracted  and  fully  extended  fibril  of  muscle  of 
crab's  leg,  fixed  with  absolute  alcohol,  stained  with  heliocine,  and  then 
treated  with  acetic  acid  and  glycerine.  b,  Bowman's  element 
swollen,  iy  Intermediate  segments  not  swollen,  c,  Clear  segment, 
swollen  only  at  end  connected  with  Bowman's  element.  {Zeiss  ^^ 
homogen.  obj.)  B.  Contracted  muscle  prepared  as  above,  showing 
appearance  of  a  bundle  of  fibrils  before  addition  of  acetic  acid. 
by  Bowman's  elements;  h,  Hensen's  line.  C.  The  same  bundle  of 
fibrils  after  addition  of  acetic  acid. 

Fig.  7. — Portion  of  uncontracted  and  unextended  fibre  of  leg 
muscle  of  crab  after  fixation  with  absolute  alcohol,  staining  with 
eosine,  and  addition  of  1  p.c.  formic  acid.  &,  Bowman's  elements  swollen 
and  rendered  very  clear ;  t,  intermediate  segments  not  swollen ;  d, 
Dobie's  line.  Pressure  with  a  needle  on  cover-glass  caused  disc  con- 
sisting of  intermediate  segments  to  tear  away,  and  several  Bowman's 
elements  to  fall  out  of  position  at  b.     (Camera  lucida,  Zeiss  F.  obj. ) 

Fig.  8. — ^Fibrils  of  muscle  of  distal  segment  of  pincer  claw  of 
lobster  uncontracted  and  extended  to  full  normal  length :  corrosive 
sublimate  and  alcohol ;  eosine ;  glycerine.     {Zeiss  ^^  homogen.  obj,) 

Fig.  9. — Fibrils  of  muscle  of  lobster's  tail  uncontracted  and 
extended  to  full  normal  length.  Prepared  in  same  manner  as 
muscle  of  pincer.  The  segments  of  the  fibrils  are  much  smaller,  and 
Flbgel's  elements  are  absent.     {Draton  to  same  scale  as  Fig.  8.) 

Fig.  10. — Small  bundle  of  fibrils  of  muscle  of  newt  from  root  of 
tail  uncontracted  and  extended  to  normal  length.  Fixed  with 
eorrosive  sublimate  and  alcohol.  Stained  with  heliocine  and 
examined  in  balsam,  ft,  Bowman's  elements,  d,  Dobie's  line.  No 
Flogel's  elements.     {Zeiss  y\  Jiomogen.  obj.) 

Fig.  11. — Bundle  of  fibrils  from  muscle  of  human  leg  uncon- 
tracted. Miiller  and  spirit ;  eosine ;  glycerine.  {Zeiss  y^  Jwmogen. 
obj,) 

Fig.  12. — Portion  of  a  fibre  of  crab's  leg  muscle,  showing 
sarcolemma  (o)  with  annular  thickenings  attached  to  Dobie's  lines 
{d).  The  thickenings  are  seen  in  the  sarcolemma  detached  at  right 
side  of  drawing  {p).  b,  Bowman's  elements.  Miiller  and  sp. ;  eosine ; 
glycerine.     {Zeiss  4  mm.  apochrom^ic  obj.) 

Figs.  13,  14,  15,  16,  17,  18  are  the  series  of  drawings  of  muscle 
of  crab's  leg  made  for  me  by  R.  J.  Harvey  Gibson  in  1881.  All 
the  drawings  made  to  same  scale,  with  the  aid  of  camera  lucida. 
No  change  has  been  made  in  the  drawings.  Flogel's  elements  were 
seen  only  as  granules.  Hensen's  line  {Ji)  was  at  that  time  erroneously 
thought  to  be  due  to  a  swelling  in  the  middle  of  Bowman's  element. 
Miiller  and  spirit;  eosine;  glycerine.     {Zeiss  F.  obj.) 

The  series  shows  all  the  successive  stages  from  complete  relaxation 
(fig.  13)  to  complete  contraction  (fig.  18).  It  will  be  observed  that 
in  16  no  shortening  of  Bowman's  elements  appeared  to  have  taken 
place,  although  the  interval  between    their   ends  was  completely 
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shortened.  The  appearance  therefore  differs  from  that  shown  in  fig. 
1,  C,  and  in  fig.  5,  l^. 

Fig.  16  gives  a  typical  illustration  of  Merkel's  '' homogeneous " 
stage  of  contraction  (see  fig.  22). 

Fig.  19. — A  hundle  of  contracted  fihrils  of  crah's  leg  muscle,  treated 
with  ammonium  molyhdate.  The  yellowish  brown  colour  given  to 
the  chromatin  is  not  reproduced  here.     {Zeiss  ^  hamogen.  ohj.) 

Fig.  20. — Fibrils  of  muscle  of  crab's  leg  uncontracted  and  extended 
to  full  normal  length.  Flogel's  elements  were  seen  only  as  granules 
of  chromatin  (/).  A  is  intended  to  show  effect  of  shrinkage  on  clear 
(c)  and  intermediate  segments  (t).  B.  Fibril  unshrunken.  C.  Bundle 
of  fibrils.  The  scale  of  drawing  is  nearly  the  double  of  that  of  figs. 
1 3  to  18  (Miiller  and  sp. ;  eosine ;  glycerine). 

Fig.  21. — Bundle  of  fibrils  of  crab's  muscle  uncontracted  and  un- 
extended.  Bowman's  elements  appear  to  be  in  contact  with  ends  of 
intermediate  segments.  Flogel's  granules  and  the  clear  segments 
proper  between  them  and  Bowman's  elements  are  not  seen. 

Fig.  22. — The  so-called  homogeneous  stage  of  contraction.  The 
ends  of  Bowman's  elements  (e,  e)  appear  close  to  Dobie's  line.  A  was 
drawn  with  a  superficial,  and  B  with  a  deep  focus  from  same  muscle 
as  fig.  16.     {Zeiss  ^^  homogen.  obj.) 

Fig.  23. — Flexor  muscle  of  pincer  of  crab  stained  with  gold  chloride 
by  Melland's  method.  A.  Primary  bundles  of  fibrils  (Z),  outlined  by 
longitudinal  gold  lines,  with  rounded  deeply-stained  particles  opposite 
Dobie's  lines  (d),  B.  Optical  transverse  sections  of  the  same  bundles. 
C  shows  the  relative  size  of  a  single  fibril ;  6,  Bowman's  element. 
{Zeiss  E.  obj,) 

The  above  illustrations  were  drawn  at  different  times  on  different 
scales  of  amplificatum.  In  figs,  3,  4,  5,  20,  21  the  scale  is  double 
and  in  fig,  22  it  is  three  times  that  of  jigs,  13  to  19.  Ths  relative  size 
of  the  elements  in  different  muscles  is  given  in  the  text. 

PlaTBS   XIII.    AND   XIV. 

All  the  photographs  are  taken  from  the  leg  muscle  of  the  crab. 
The  muscle  in  fig.  1  was  fixed  with  formol,  stained  with  heliodne, 
and  examined  in  glycerine.  The  muscle  in  all  the  other  figs,  was  fixed 
with  Miiller  and  spirit,  stained  with  eosine,  and  examined  in  glycerine. 
Figs.  2-6  were  taken  in  1890  by  the  late  Mr  A.  Schulze,  from  the  pre- 
parations shown  by  the  author  at  the  Internat.  Med.  Congress  in  1881, 
Figs.  1  and  7  were  recently  taken  by  my  assistant,  Dr  E.  W.  Carlier. 

Unfortunately,  the  original  negatives  of  figs.  2,  3,  4,  and  6  were 
lost,  so  that  new  negatives  had  to  be  taken  from  lantern  slides,  with 
an  unsatisfactory  result  in  the  case  of  fig.  2. 


ON  THE  MYOLOGY  OF  DOLICHOTIS  PATAGONICA 
AND  DASYPBOCTA  ISTHMICA.  By  Bertram  C.  A. 
WiNDLK,  D.Sc.,  M.D.,  M.A.,  Professor  of  Aruxtomy  in  Mason 
College^  Birmingham. 

Mb  Bkddard^  has  published  some  notes  on  the  anatomy  of 
the  Patagonian  Cavy ;  and  that  of  Dasyprocta  cristata,  the  West 
Indian  Agouti,  has  been  studied  by  Messrs  Mivart  and  Murie,' 
and,  in  common  with  that  of  other  rodents,  by  Mr  Parsons.' 
The  following  notes  contain  an  account  of  the  muscular  system 
of  a  second  specimen  of  Dolichotis,  and  of  that  of  the  Central 
American  agouti,  D.  isthmica,  I  have  omitted  mention  in  these 
notes,  for  the  sake  of  brevity,  of  many  muscles,  the  conditions  of 
which  do  not  markedly  differ  from  that  described  by  the 
above  observers.  As  I  have  called  attention  to  the  fact  of  the 
absence  of  certain  muscles,  it  will  be  understood  that  the  omis- 
sion of  the  name  of  a  muscle  does  not  mean  that  it  was  not 
present,  but  that  there  was  no  special  reason  for  drawing  atten- 
tion to  it. 

Muscles  of  the  Head,  Neck,  Am)  Body. 

The  Masseter  in  both  these  animals,  as  indeed  in  all  rodents, 
was  remarkably  well  developed,  presenting  in  each  all  four  of 
the  typical  divisions  mentioned  by  Parsons,  though  in  neither 
case  was  there  a  complete  separation  between  the  posterior  deep 
and  posterior  superficial  portions.  In  Dolichotis  the  tendon  of 
the  anterior  superficial  part  was  provided  with  a  large  fibro-. 
cartilaginous  fabella,  about  the  size  of  a  haricot  bean,  which 
played  over  a  distinct  bony  prominence  on  the  outer  aspect  of 
the  mandible,  a  bursa  intervening.  This  tendon,  as  far  as  the 
fabella,  was  distinctly  double,  one  part  belonging  to  the  fibres 

^  "Notes  on  the  Anatomy  of  Ddichoiis patagoniea,"  JProe.  Zool,  Soe,,  1891,  p. 
236. 

*  "On  the  Anatomy  of  the  Crested  Agouti,"  Proe,  Zool.  Soc,  1866,  p.  888. 

'  "  On  the  Myology  of  the  Sciuromorphine  and  Hystricomorphine  Rodents," 
Proc  Zool.  Soe,,  1894,  p.  251. 
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from  the  margin  of  the  ramus,  the  other  to  those  coming  from  its 
deeper  (internal)  surface.  A  similar  duplicity  of  the  tendon  was 
observed  in  the  agouti,  but  there  was  no  fabella.  In  Dolichotis, 
again,  the  tendon  of  the  anterior  deep  part  also  possessed  a 
fabella,  of  smaller  size,  which  played  against  the  inner  aspect  of 
the  anterior  prolongation  of  the  zygoma.  This  fabella  was 
absent  in  Dasyprocta.  In  all  other  respects  the  attachments 
were  as  described  by  Parsons,  and  the  same  may  be  said  with 
respect  to  the  temporal  dunSifdcial  muscles.  Dolichotis,  as  might 
be  expected  in  an  animal  with  such  large  ears,  had  a  full  set  of 
well-developed  ear-muscles,  viz. — (1)  BetrahenSy  which  arose 
from  the  ligamentum  nuchffi  over  the  first  and  part  of  the 
second  cervical  spines.  It  was  a  large  muscle,  whose  fibres 
passed  to  the  inner  and  posterior  aspect  of  the  base  of  the 
auricle.  (2)  Attrahem  arose  above  the  orbit  and  passed  to  the 
anterior  aspect  of  the  base  of  the  auricle,  just  in  front  of  (3) 
Adductor  anterior^  which,  with  its  fellow  of  the  opposite  side, 
formed  a  digastric  muscle  connected  with  a  central  fibrous  raphd, 
which  did  not  appear  to  have  any  bony  attachment.  (4)  Adduc- 
tor posterior  lay  under  cover  of  the  retrahens,  than  which  it  was 
much  smaller.  Arising  from  the  posterior  part  of  the  skull,  it 
passed  directly  outwards,  to  be  inserted  beneath  retrahens. 
(5)  Rotator  arose  from  the  back  of  the  occiput,  pa&sed  forward 
side  by  side  with  its  companion,  from  which  more  anteriorly  it 
diverged,  to  be  inserted  with  the  anterior  adductor.  The  action 
of  this  muscle  is  to  turn  the  pinna  round,  so  that  its  concavity 
is  directed  forward.  (6)  Abdicctor  or  depressor:  this  muscle 
arose  from  the  bone  below  and  in  front  of  the  antero-extemal 
part  of  the  base  of  the  pinna,  into  which  it  was  inserted. 

The  Digastric  in  Dolichotis  was  narrowed  centrally,  and 
possessed  a  tendinous  superficies,  but  not  a  central  tendon ;  its 
connection  with  the  hyoid  was  very  slight.  In  Dasyprocta  the 
muscle  presented  an  interesting  condition.  There  was  no  central 
tendon,  though  one  is  described  in  D.  cristata  by  Mivart  and 
Murie,  but  a  superficial  tendinous  plane  near  the  centre,  as  in 
Dolichotis.  Over  and  above  this,  however,  there  arose  from  the 
posterior  (lower)  border  a  slender  round  tendon,  which  passed 
across  the  neck,  and  joined  with  its  fellow  of  the  opposite  side 
to  form  a  tendinous  arcade  from  which  the  mylo-hyoid  arose. 
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This  recalls  the  condition  described  by  Parsons  in  the  Sciuro- 
morpha,  «^.,  Pteromys,  where  the  posterior  bellies  end  entirely 
in  tendons,  which  unite  to  form  an  arcade  from  which  arise  the 
anterior  bellies  and  parts  of  the  mylo-hyoid.  But  the  conditions 
are  not  identical,  since  careful  dissection  in  D.  isthmica  showed 
that  by  far  the  greater  number  (at  least  five-sixths)  of  the  fibres 
of  the  posterior  bellies  passed  into  the  anterior  direct,  only  a 
small  part  being  connected  with  the  intermediate  tendon.  It  is 
probable  that  the  condition  thus  described  in  D.  isthmica  is 
intermediate  between  that  met  with  in  forms  such  as  Dolichotis 
and  that  observed  in  the  Sciuromorpha. 

Neither  animal  possessed  a  traTisverse  mandibular^  and  both 
had  the  normal  three  styloidean  muscles.  Stemo-mastoid  was  in 
Dolichotis  a  very  slender  muscle,  attached  above  internally  to 
Cleido-m^astoid,  The  latter,  which  was  much  the  smaller  of  the 
two  in  Dasyprocta,  arose  from  the  bony  clavicle  for  a  short 
distance  outwards  from  its  fibrous  sternal  extremity.  Omchhyoid 
was  absent  in  both.  Leoaior  clavimUe  arose  in  both  from  the 
basi-occipital ;  in  Mivart  and  Murie's  agouti  it  arose  in  the  same 
way ;  in  Parson's,  from  the  ventral  arch  of  the  atlas. 

In  both  animals  Scalenus  anticus  extended,  in  a  ventrical 
position  to  the  subclavian  artery,  from  the  first  rib  to  the 
basi-occipital,  where  it  was  attached  posterior  to  the  levator 
clavicuke.  Scalenus  w^dius  et  posticus  in  Dolichotis  extended 
from  the  third  to  the  seventh  cervical  processes  inclusively,  to 
the  upper  three  ribs.  In  Dasyprocta  this  stratum  arose  from  the 
transverse  processes  of  all  the  cervical  vertebrae  and  passed  to 
the  upper  three  ribs.  In  this  animal  very  distinct  tendons 
arose  from  the  fifth,  sixth,  and  seventh  processes,  which,  perforat- 
ing the  deeper  or  posticus  fibres,  joined  the  more  superficial  or 
medius  layer.  In  both  forms  there  were  distinct  splenii  capitis 
and  colli.  The  Serraius  posticus  extended  in  Dolichotis  from  the 
fifth,  and  in  Dasyprocta  from  the  thii'd  to  the  last  rib,  and  in 
each  it  formed  only  one  stratum. 

Muscles  of  the  Anterior  Extremity. 

TrapessiuSy  Deltoid^  the  Pectorals^  and  Sterno-soapularis  were  as 
described  by  Parsons,  and  the  only  further  noteworthy  features 
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about  these  muscles  were,  {a)  the  low  insertion  of  the  clavicular 
deltoid  on  the  humerus, — an  insertion  quite  distinct  from  that  of 
the  middle  and  posterior  parts,  which  were  attached  to  the 
deltoid  ridge  on  the  humerus.  The  fibres  of  the  clavicular  part 
were,  on  the  contrary,  inserted  into  the  front  of  the  bone  a  short 
distance  above  its  lower  end.  (h)  On  one  side  in  Dolichotis  a  sUp 
arose  from  the  deeper  of  the  two  more  anterior  pectoral  strata 
which  joined  the  stemo-scapularis,  or  rather,  the  costo-clavicular 
part  of  that  muscle.  This  slip  did  not  exist  upon  the  other 
side.  The  occipital  Rhomboid  was  smaller  in  Dolichotis,  and 
distinct  from  the  rest  of  the  muscle ;  in  Dasyprocta  its  origin 
was  much  wider,  and  it  formed  a  part  of  a  continuous  sheet  with 
the  remainder  of  the  rhomboid  stratum.  Levator  angtUi  scaptUcs 
and  SerrattLS  magrms  formed  a  continuous  sheet  in  both  animals, 
which  in  Dolichotis  extended  from  the  third  to  the  seventh 
cervical  vertebra,  and  from  the  first  to  the  ninth  rib ;  and  in 
Dasyprocta,  from  all  the  cervical  vertebrae,  and  from  the  first  to 
the  eighth  rib. 

Zatissimm  dord  arose  from  as  high  as  the  sixth  dorsal  spine 
in  Dolichotis,  and  the  fourth  in  Dasyprocta,  and  was  inserted 
into  the  usual  position  on  the  humerus.  In  both  there  was  a 
very  weak  dorsi-epitrochlearis.  In  Dolichotis  this  muscle  was 
apparently  much  weaker  than  in  the  specimen  dissected  by 
Beddard,  to  judge  from  his  figure  of  the  muscles  of  the  arm ; 
indeed,  on  one  side  it  was  reduced  to  the  condition  of  a  band  of 
fascia,  containing  a  few  muscular  fibres  above,  and  fusing  below 
with  the  aponeurosis  of  the  tricepa  In  Dasyprocta  it  was  some- 
what stronger,  but  even  in  that  animal  it  did  not  reach  the 
olecranon,  but  terminated  by  fusing  with  the  inner  head  of  the 
triceps.  Teres  major  was  in  both  forms  inserted  near  to,  but 
separate  from  and  in  front  of,  the  latissimus  dorsi.  In  Dolichotis, 
Beddard  describes  this  muscle  as  inserted,  "  in  common  with  the 
latissimus  dorsi,  by  a  flat  tendon  about  half  an  inch  long,  and 
rather  more  than  half  an  inch  broad  at  its  insertion."  In  my 
specimen  the  attachments  of  the  two  muscles  were  quite  distinct. 
As  regards  Dasyprocta,  my  specimen  agrees  with  that  dissected 
by  Parsons,  and  differs  from  that  of  Mivart  and  Murie.  Teres 
minor  w£U3  associated  at  its  origin  with  infra-spinatus,  but  not  at 
its  insertion,  the  former  being  attached  to  the  neck  of  the 
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hnmerns,  and  the  latter  by  a  broat,  flat  teudon,  beneath  which 
was  a  bursa,  to  the  inner  part  of  the  head  of  the  same.  Both 
animals  possessed  a  single-headed  Uceps^  inserted  in  Dolichotis 
partly  into  the  fascia  over  the  forearm,  and  partly  by  an  oblique 
sling  tendon  whick  extended  from  the  tubercle  of  the  radius 
above  to  the  ulna  at  a  lower  leveL  This  tendon  passed  under 
the  pronator  radii  teres,  and  lay  superficial  to  that  of  the 
hracRialis  anHcus.  The  last-named  musele  possessed  in  Dolichotis 
only  one  head,  the  outer ;  nor  was  the  muscle  marked  as  x  in 
Beddard'a  diagram,  which  apparently  represented  the  inner  head, 
present  on  either  side.  The  inner  head  was  present,  however, 
in  Dasyprocta.  In  both  animals  this  muscle  was  inserted  into 
the  ulna ;  and  in  Dolichotis,  as  has  been  above  stated,  its  tendon 
passed  beneath  the  sling  tendon  of  the  biceps,  to  reach  its  place 
of  insertion  on  the  ulna.  Coraco-hrachioMs  was  represented  by 
its  two  upper  portions  in  both  animals,  though  in  Beddard's 
specimen  only  the  middle  existed. 

Triceps, — In  Dolichotis  this  muscle  consisted  of  the  following 
portions : — (a)  Sxtenvus^  arose  from  the  tendon  of  the  infra- 
spinatus and  from  the  humerus,  below  the  insertion  of  this 
museie,  for  its  upper  third,  and  was  inserted,  almost  indepen- 
dently of  the  other  parts,  into  the  outer  side  of  the  olecranon. 
(6)  Longus  arose  from  one-third  of  the  axillary  border  of  the 
scapula  and  from  the  edge  of  the  infra-spinatus.  It  developed  a 
tendon  on  its  deep  surface,  which  became  attached  to  the  posterior 
and  upper  aspect  of  the  olecranon.  To  the  inner  side  of  this 
tendon  the  part  of  the  muscle  in  question  gave  off  a  fleshy 
tongue,  which  ended  in  a  shorter  tendon,  which  became  con- 
tinuous with  that  of  the  next  portion,  (c)  Internus  arose  from 
the  aeck  of  the  humerus  only,  and  was  inserted  into  the  inner 
aspect  of  the  olecranon,  (c?)  ProfwndusQXomhom  the  whole  of 
the  posterior  surface  of  the  humerus,  extending  from  the  neck  to 
the  upper  margin  of  the  olecranon  fossa,  and  was  inserted  into 
the  anterior  end  of  the  upper  aspect  of  the  olecranon  and  into  the 
posterior  part  of  the  capsule  of  the  elbow-joint.  In  Dasyprocta 
there  were  ordy  the  three  portions  recognised  in  human  anatomy. 

Pronator  radii  teres  was  a  small  single-headed  muscle  in 
Dolichotis,  inserted  into  the  junction  of  the  upper  and  second 
fourths  of  the  radius;  in  Dasyprocta,  into  the  centre  of  that  bone. 
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Flexor  suhlimis  digitorum  was  in  Dolichotis  an  excessively 
small  muscle,  as  described  by  Beddard.  It  arose  from  the  snper- 
ficial  aspect  of  the  broad,  common,  deep  flexor  tendon  a  short 
distance  above  the  wrist.  It  ended  in  three  slender  tendons  for 
the  second,  third,  and  fourth  digits.  In  Dasyprocta  it  was  a 
larger  muscle,  lying  to  the  ulnar  side  of  the  condylar  heads  of 
the  profundus  layer,  which  ended  in  tendons  for  the  third  and 
fourth  digits,  the  second  and  fifth  receiving  theirs  from  the  flexor 
brevis  manus.  The  dee/p  flexor  mass  consisted  of  those  elements 
which  I  have  already  described  ^  as  typically  making  up  that 
muscle,  viz.,  condylo-radialis,  condylo-ulnaris,  centralis,  radialis, 
and  ulnaris.  The  two  last-mentioned  elements  were  very  small. 
Beddard  does  not  appear  to  have  noticed  the  cetUralis  element, 
which  was  very  well  developed  and  distinct  on  both  sides  in  my 
specimen.  I  notice  that  this  head  of  the  deep  flexor  is  very 
often  overlooked,  as  may  very  easily  happen,  although  it  is,  so 
far  as  my  observations  go,  a  very  constant  factor.  If  the  tendons 
of  the  condylar  heads  be  divided  near  their  point  of  junction 
with  those  of  the  radial  and  ulnar  parts,  and  turned  backwards 
so  that  their  deep  surface  is  exposed,  the  centralis  will  generally 
be  discovered -packed  away  between  the  other  heada  It  is  much 
more  easy  to  miss  it  if  the  condylar  heads  are  divided  near  their 
origin  and  turned  downwards.  In  Dasyprocta  I  found  only  two 
of  the  condylar  heads,  and  the  radialis  proprius  was  very  small,  a 
fact  correlated,  no  doubt,  with  the  diminutive  state  of  the  pollex. 
In  the  previous  paper  of  mine  on  the  flexor  muscles,  to  which  I 
have  already  alluded,  I  came  to  the^oiK^lusion  that  in  D,  cristaia, 
it  was  the  centralis  element  which  was  absent,  and  that  certainly 
is  the  least  constant  of  them  all.  I  am  inclined  to  think  that  in 
D,  isthmica  it  is  condylo-radialis  which  is  wanting,  from  the  some- 
what deep  situation  of  the  more  radial  of  the  two  tendons  coming 
from  the  condyle.  Pronator  quadra^tus  in  Dolichotis  was  con- 
verted into  a  stout  quadrilateral  sheet  of  fibrous  tissue,  which 
firmly  united  the  radius  and  uhiar  «t  their  lower  extremities. 
Supinator  brevis  was  also  apparently  represented  by  a  fibrous  band 
passing  from  the  external  condyle  of  the  humerus  to  the  ulna  at  a 
short  distance  from  the  elbow-joint,  and  quite  separate  from  any 

^  "The  Flexors  of  the  Digits  of  the  Hand,**  Journal  of  Anatomy  and  Fhysi- 
ology,  vol.  xxiv,  p.  72, 
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of  its  ligaments.  The  retrograde  condition  of  these  muscles  is  no 
doubt  correlated  with  the  position  of  permanent  pronation  which 
is  occupied  by  the  bones  of  the  forearm.  In  Dasyprocta,  pronator 
qoadratus  formed  a  thin  but  extensive  sheet,  which  occupied  the 
whole  length  of  the  inner  borders  of  both  bones ;  and  supinator 
brevis  was  a  small  unilaminar  muscle,  the  posterior  interosseous 
nerve  lying  between  it  and  the  bone.  I  did  not  find  a  paimarit 
longus  or  a  sujpvnjcdor  longus  in  either  animal.  The  extensors  in 
Dolichotis  were  as  follows : — (1)  E,  carpi  radialis  longiar  and 
hreoior,  single  above,  and  ending  below  in  two  tendons,  attached 
one  to  the  back  of  the  second,  the  other  to  the  back  of  the  third 
metacarpal  bone.  (2)  E.  communis  digitorum,  which  ended  in 
tendons  for  all  four  digits.  (3)  E,  minimi  digUi  et  annularis. 
(4)  E,  metacarpi  pollids :  this  muscle^  which  was  not  noticed  by 
Beddard  in  his  specimen,  consisted  almost  entirely  of  fibrous 
tissue,  only  a  small  amount  of  muscular  fibre  existing  near  its 
origin.  It  wound  round  the  bone  in  the  usual  manner,  over  the 
tendons  of  the  radial  carpal  extensors,  as  a  broad  glistening 
tendon,  which  reached  the  usual  insertion.  (5)  E.  carpi  tUnaris. 
In  Dasyprocta  the  extensors  were :— (1)  E.  carpi  radiaiis  longior 
and  brevior,  arranged  as  in  Dolichotis.  (2)  E.  communis  digi* 
torum.  (3)  E.  minimi  digUi  et  annularis,  (4)  E,  mstacarpi 
poUicis,  inserted  by  one  slip  into  the  base  of  the  metacarpal  bone 
of  the  poUex,  and  by  another  into  the  lower  and  external  part  of 
the  palmar  ossicle.  (5)  E,  indicis,  which  on  both  sides  sent  a  fine 
slip  to  the  pollex.  (6)  E.  media, :  I  found  a  very  tiny  representa- 
tive of  this  on  one  side.  It  is  probably  quite  an  unusual  occur- 
rence, as  it  does  not  seem  to  have  been  seen  by  Parsons,  or  by 
Mivart  and  Murie.    (7)  E.  carpi  uinaris. 

Short  muscles  of  the  hand, — Dolichotis  had  superficial  adductors 
for  the  pollex  and  minimus,  the  latter  being  the  stronger ;  in 
Dasyprocta  these  muscles  were  connected  with  index  and  minimus. 
In  both  animals  poUex  and  minimus  possessed  also  an  abductor, 
and  there  were  paired  flexores  breves  for  the  other  digita  The 
fiexoT  brevis  manus  in  Dasyprocta  arose  from  the  superficial 
aspect  of  the  flexor  tendons,  and  ended  in  slips  for  the  second 
and  fifth  digits.  In  Mivart  and  Murie's  specimen  it  was  con- 
nected with  the  fifth  digit  only. 
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Muscles  of  ths  Loweb  Extbemitt. 

Bicq>8  was  in  both  animals  a  very  thick,  strong  muscle.  In 
Dolichotis  it  arose  by  muscular  fibres  and  by  fascia  from  the 
upper  caudal  vertebrae,  this  beiag  the  chief  head ;  and  also  by  a 
thin,  fiat  tendon  from  the  anterior  border  of  the  ischial  tuberosity. 
The  caudal  head  developed  a  superficial  tendon,  which  became 
round  and  thick,  and  was  inserted  into  the  outer  side  of  the 
patella.  The  ischial  fibres  joined  the  deeper  surface  of  this 
tendon.  From  its  lower  border  there  was  continued  downwards 
a  fascia,  which  partly  ended  over  the  muscles  of  the  leg,  partly 
was  continued  down  over  the  tendo  AchilMs,  for  which,  with 
similar  prolongations  from  the  other  two  hamstring  muscles  and 
the  gracilis,  it  formed  a  kind  of  encapsulating  sheath.  Still 
further  on,  this  composite  sheath  formed  a  cap  over  the  posterior 
extremity  of  the  os  calcis,  and  separated  from  it  by  a  bursa. 
This  cap  was  joined  on  its  inner  side — ^in  fact,  largely  formed  on 
that  aspect — by  the  tendon  of  the  plantaris,  and  from  it  was 
derived  the  fibrous  representative  of  the  flexor  brevis  digitorum. 
Thus  all  the  hamstring  muscles  are  enabled  to  act  as  flexors  of 
the  toes  and  extensors  of  the  ankles,  as  well  as  being  extensors 
of  the  hip  and  flexors  of  the  knee,  their  action  causing  all  the 
movements  executed  by  the  different  segments  of  the  hinder 
extremity  in  running,  walking,  or  leaping.  The  arrangement  in 
Dasyprocta  is  very  similar. 

Semi-tendinosuB  arose  in  Dolichotis  f rcmi  the  upper  three  caudcd 
vertebrae  and  from  the  posterior  border  of  the  ischial  tuberosity, 
and  was  inserted  by  a  distinct  tendon  into  the  crest  of  the  tibia 
and  by  a  fascial  prolongation  over  the  side  of  the  leg,  and  with 
the  other  tendons  as  mentioned  in  the  description  of  the  preced- 
ing muscle.    The  arrangement  was  similar  in  Dasyprocta,  but  the 
ischial  head  was  weaker  than  in  Dolichotis.    Semi^merribranosvs 
was  as  described  by  Parsous.    The  main  part  was  stronger  in 
Dolichotis  than  in  Dasyprocta.    In  both  it  was  very  much 
inclosed  by  the  other  portion  of  the  muscle  and  the  adjacent 
adductor  mass,  so  that  it  was  only  possible  to  isolate  it  by 
following  up  the  thick,  round  tendon  by  which  at  its  lower  part 
it  was  attached  to  the  tibia. 

Gracilis  consisted  in  Dolichotis  of  two  parts :  (a)  upper,  outer^ 
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and  larger,  coimected  on  its  outer  side  with  the  sartorius,  and 
inserted  with  it  into  the  inner  side  of  the  patella,  and  thence  as 
far  as  the  inner  tuberosity  of  the  tibia ;  (b)  inner,  lower,  and 
smaller,  attached  to  the  inner  side  of  the  tibia,  and  prolonged 
down  with  the  other  above-mentioned  tendons  over  the  tendo 
Achillis.  In  Dasyprocta  I  found  a  practically  continuous  sheet 
representing  these  two  portions.  There  was  some  trace  of 
division,  and  particularly  near  its  origin,  but  not  enough  to 
warrant  its  being  described  as  a  double  muscle. 

GltUeus  maximua  was  in  both  animals  a  very  small  muscle, 
and  formed  part  of  a  continuous  sheet,  which  also  represented 
Tensor  vagirm  femoris  and  sartorius.  Below,  the  gluteus 
maximus  terminated  in  a  thin,  flat  tendon,  which  was  inserted 
into  the  posterior  part  of  the  shaft  of  the  femur  near  its  lower 
end.  The  sartorius  part  of  the  sheet  was  much  better  marked 
in  Dolichotis,  where  it  blended  below  with  the  tendon  of  the 
quadriceps,  than  in  Dasyprocta.  Olviteus  medivs  was  very  lai^ 
and  strong  in  botL  There  was  also  a  well-marked  Scansorvus, 
with  a  very  strong  tendon,  attached  to  a  tubercle  on  the  femur 
at  the  junction  of  the  great  trochanter  and  the  shaft.  Some  of 
the  fibres  of  the  gluteus  minimus  were  attached  to  this  tendon, 
but  for  the  most  part  they  were  inserted  separately.  Fyriformis 
was  quite  distinct  from  the  other  muscles.  Pectinem  was  a 
single  muscle  in  both  cases,  as  described  by  Parsons.  It  did 
not,  however,  arise  by  tendon,  as  was  the  case  in  the  other  cavies 
which  he  examined.  The  addtustor  mass  was  in  Dolichotis 
divisible  into  three  strata,  which  could  not,  however,  be  said  in 
any  way  to  correspond  with  those  of  human  anatomy.  The 
largest  sheet  arose  from  the  lower  part  of  the  symphysis  pubis 
and  the  ramus  pubis,  and  was  inserted  into  the  lower  end  of  the 
shaft  and  inner  condyle  of  the  femur.  The  second  part  arose 
above  and  in  front  of  that  just  mentioned,  and  was  inserted  into 
the  lower  half  of  the  linea  aspera.  The  third  part  was  a  small 
muscle  lying  behind  the  second,  and  inserted  into  the  femur  not 
far  from  the  lesser  trochanter.  In  Dasyprocta  I  found  the  two 
layers  described  by  Mivart  and  Murie.  The  Psoas  and  Hiacus 
in  Dolichotis  consLsted  of  two  parts :  (a)  arose  from  the  bodies 
of  the  lower  lumbar  vertebrse  and  from  the  anterior  aspect  of 
the  upper  part  of  the  sacrum,  and  formed  below  a  distinct 
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Y-shaped  tendon,  which  was  inserted  by  one  horn  into  the  lesser 
trochanter,  and  by  the  other  into  the  inner  side  of  the  femur  at 
about  1  cm.  distant  from  the  trochanter.    This  part  of  the 
muscle  was  separated  by  the  nerves  forming  the  lumbar  plexus 
from  (b),  which  was  external  to  and  larger  than  it.    This  part 
arose  from  the  transverse  processes  of  all  the  lumbar  vertebrae 
and  from  the  ventral  surface  of  the  ala  of  the  ilium,  and  was 
inserted  by  a  single  strong  tendon  into  the  lesser  trochanter 
deeper  than  the  first-named  part.    In  Dasyprocta,  the  muscles 
were  arranged  as  in  man.    In  Dolichotis,  the  outer  head,  and  in 
Dasyprocta  both  heads,  of  the  ffostrocnemius  possessed  fabellse. 
In  both  forms  the  solevs  arose  from  the  fibula  only  by  a  small 
fiat  tendon,  and  was  inserted  separately  into  the  upper  aspect  of 
the  posterior  part  of  the  os  calcis ;  and  plantaris,  which  was  a 
separate  muscle,  sent  its  tendon  to  the  heel-cap,  and  formed  the 
main  origin  of  the   fibrous  fiexor  brevis  digitorum.     Tibialis 
arUicus  had  in  both  the  double  origin  described  by  Beddard  and 
Parsons.    Hoiienaor  longm  digitoruM  gave  in  Dolichotis,  on  one 
side,  one  tendon  to  the  outer  toe  and  two  each  to  the  middle  and 
inner ;  on  the  other,  it  was  distributed  as  in  Beddard's  specimen, 
that  is,  two  tendons  passed  to  the  middle  toe,  and  one  to  each 
of  the  others.    In  Dasyprocta  it  ended  in  a  tendon  for  each  of 
the  three  toes.    Extensor  propriua  Judliicis  was  in  Dolichotis  a 
very  minute  muscle,  and  passed,  as  Parson  states,  to  the  inner 
digit,  where  it  joined  the  tendon  of  the  extensor  longus  digi- 
torum.   It  was  a  stronger  muscle  in  Dasyprocta.    Extensor  brevis 
digitarvm  ended  in  both  animals  by  two  tendons,  one  for  each  of 
the  two  inner  digits.     Both  forms  possessed  peronei  hngus  and 
quarti  diffiti,  as  described  by  Beddard,  and  Mivart  and  Murie. 
The  fibrous  representative  of  fleooor  brevis  digiiorvm  ended  in 
Dolichotis  by  forming  three  slips,  one  for  each  of  the  toes ;  in 
Dasyprocta  it  behaved  in  a  similar  manner  on  one  side,  on  the 
other  it  supplied  two  of  the  toes  only.    The  long  flexors  were  as 
described  by  Beddard  in  his  specimen  of  Dolichotis.    There  were 
two  hmlmcales  in  my  specimen  of  Dolichotis,  though  Beddard 
found  only  one  in  his. 

The  most  noticeable  features  in  connection  with  tiie  mus- 
culature of  Dolichotis  appear  to  be  the  following : — (1)  the  very 
complete  set  of  muscles  for  the  pinna;  (2)  the  presence  of 
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two  fabellse  in  connection  with  the  masseter ;  (3)  the  degenerate 
condition  of  supinator  brevis  and  pronator  quadratus ;  (4)  the 
double  insertion  of  the  p8oa&  In  Dasyprocta  the  condition  of 
the  digastric  is  perhaps  the  most  interesting  fact 

Mr  Beddard  points  out  that  the  myology  of  Dolichotis 
presents  a  number  of  differences  from  that  of  the  Cavy,  and 
thinks  that  on  the  whole  it  is  nearer  to  Dasyprocta  than  to  the 
porcupines,  but  that  it  differs  from  both  in  the  reduction  of  the 
extensors  of  the  manus  and  the  peroneal  muscles, — an  opinion 
which  may  perhaps  require  revision,  in  the  face  of  more  recent 
observations.  I  have  placed  in  the  form  of  a  table  some  of  the 
chief  muscles  as  they  exist  in  the  two  animals  with  which  this 
paper  is  concerned  and  the  Cavy. 


nOLIOBOTIfl. 

DA0TPBOOTA. 

Catu. 

SpUnius  eoOi,    . 

Freaent 

Present 

Absent. 

Coraeo-inuchialUt 
BraAialit  antieui,    . 

Upper  and  middle 

parts. 
Outer  head  only. 

Upper  and  middle 

parts. 
BothheadiL 

Middle  part  only. 
Outer  head  only. 

Trieepi, 

Four  heada. 

Three  heads. 

Three  heads. 

Fix.  hr.  manuf , . 

Absent. 

Present. 

Absent. 

Peronnu  hrevit. 

Absent. 

Absent. 

Present 

From  these  facts  it  would  appear  as  if  Dolichotis  occupied  a 
middle  position  between  Dasyprocta  and  Cavia ;  and  it  will  be 
seen  that  it  differs  from  both  in  possessing  a  quadriceps  brachii, 
whilst  each  of  the  others  has  a  triceps. 


AN  INVESTIGATION  INTO  SOME  OF  THE  PRIN- 
CIPLES OF  AUSCULTATION.  By  Albert  A.  Gray, 
M.D.  Glasgow. 

{Continued  from  page  232.) 

Part  IL— B. 
Chariges  in  Qitality  of  Sound  condvAnted  through  the  I/wng. 

Hitherto  differences  in  vntenjgiJty  of  the  auscultatory  signs  have 
been  considered.  It  remains  to  investigate  the  differences  iu 
quaXUy  which  occur  when  sound  is  transmitted  through  the 
lungs  to  the  ear. 

It  is  evident  that  in  this  part  of  the  investigations  the 
tuning-fork  can  help  us  but  little:  being  a  pure  note,  either 
entirely  without  audible  partial  tones,  or  very  nearly  so,  there 
can  be  no  change  in  the  quality  of  the  sound. 

For  the  most  part  we  must  depend  upon  the  voice  and  the 
respiratory  murmur  to  represent  compound  tones  and  sounds. 
Of  these  two  the  voice  is, /or  the  present  purpose  of  investigation, 
the  more  valuable,  because  we  know  exactly  where  it  is  pro- 
duced and  its  acoustic  characters ;  but  there  is  some  doubt  as 
to  the  point  of  generation  of  the  respiratory  murmur. 

The  physician  recognises  four  types  of  the  thoracic  voice, — 
the  Normal  Vocal  Eesonance  ;  Bronchophony:  -^ophony;  and 
Pectoriloquy.  The  characteristics  usually  associated  with  each 
are: — 

(1)  Normal  Vocal  Resonance.     An  indefinite  humming  or 

buzzing  noise ;  the  spoken  words  are  not  distinguish- 
able. 

(2)  Bronchophony.    This  is  more  intense  than  normal  vocal 

resonance ;  the  words  are  distinguishable ;  it  is  usually 
associated  with  increased  vocal  fremitus. 

(3)  iEgophony.     The  voice  is  not  quite  so  intense  as  in 

bronchophony,  and  is  not  associated  with  increase  of 
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the  vocal  fremitus.  The  sound  is  high-pitched,  with  a 
very  pronounced  nasal  twang.  Laennec  compared  it 
to  the  voice  of  Punch  (V Auscultation  mediate,  tome  i. 
sec.  154). 
(4)  Pectoriloquy.  In  this  type  the  characteristic  feature  is 
not  so  much  a  difference  in  the  quality  of  the  musical 
part  of  speech,  but  a  remarkable  distinctness  of  the 
consonants.  Usually  the  patient  is  told  to  whisper, 
in  order  that  the  vowels  may  not  overpower  the  con- 
sonants. It  is  usually  heard  over  phthisic€j  cavities, 
when  bronchophony  may  also  be  heard  if  the  patient 
speak  in  the  ordinary  voice. 

What  are  the  causes  of  these  changes  in  quality)  In  the 
first  place,  it  is  evident  that  if  the  investigation  is  to  have  any 
scientific  value,  the  acoustic  character  of  speech  must  be  borne 
in  mind.  The  works  of  reference  which  the  writer  has  used  for 
this  purpose  are  Helmholtz'  Tonempfindwng,  chapters  v.  and  vi., 
1870;  and  Gravarrets  Audition  et  Phonation,  pp.  310^00, 
1877. 

Normal  Vocal  Besonance. 

On  page  215  of  this  paper  it  will  be  seen  that,  in  the  writer's 
opinion,  Skoda  was  justified  in  assuming  that  a  certain  amount 
of  resonance  or  reinforcement  of  sound  would  occur  in  the 
trachea  and  bronchi.  In  considering  alterations  in  quality,  it 
appears  that  this  statement  will  be  fully  justified,  but  in  a  way 
exactly  the  opposite  of  that  which  Skoda  meant 

When  phonation  occurs,  there  is  no  doubt  that  the  sound  will 
pass  downwards  into  the  chest,  both  by  the  walls  of  the  respi- 
ratory tract  and  by  the  air  enclosed  in  those  structures.  The 
question  at  issue  is,  to  find  out  to  what  extent  the  sound  occur- 
ring in  these  two  media  reaches  the  stethoscope.  Skoda  main- 
tained that  the  vibrations  which  occurred  in  the  air  were  finally 
transmitted  to  the  tissues,  and  thence  to  the  stethoscope ;  while 
Laennec  and  most  physicians  nowadays  hold  that  chiefly  the 
sounds  occurring  in  the  walls  reach  the  instrument. 

It  appears  to  the  writer  that  there  can  be  no  doubt  that 
vibrations  pass  to  the  parietes  by  both  media,  though  to  a  vary- 
ing extent,  both  in  health  and  disease. 
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In  health  it  is  very  plain  that  any  sound  occurring  in  the  air 
in  the  bronchi,  bronchioles,  and  alveoli  will,  without  much  diffi- 
culty, pass  into  the  tissue,  because  the  healthy  lung  is  such  an 
exceedingly  light,  delicate  structure,  easily  set  in  vibration  by  a 
sound  occurring  ui  the  air  which  is  in  contact  with  it.  From 
the  parenchyma  the  sound  will  easily  pass  into  the  stethoscopa 

Similarly,  vibrations  conducted  downwards  by  the  walls  of  the 
respiratory  tract  will  pass  by  the  walls  of  the  bronchioles  and 
alveoli  to  the  instrument,  provided  of  course  that  these  struc- 
tures are  tense. 

To  what  extent  do  these  two  sets  of  vibrations  contribute  to 
the  normal  vocal  resonance?  It  would  be  impossible  to  say 
accurately;  but  it  appears  to  the  writer  that  the  reason  why  the 
normal  thoracic  voice  is  so  indefinite,  and  of  a  buzzing  or  humming 
character,  is,  that  all  that  part  of  the  sound  which  has  passed 
down  by  the  air  has  become  confused  in  its  course  by  constant 
reflection-  It  is  a  well-known  fact  that  the  voice  becomes 
rapidly  confused  and  indistinct  if  it  be  passed  through  a  tube 
with  elastic  or  rigid  walls ;  the  reason  being  that  the  consonants 
or  articulate  parts  of  speech  become  overpowered  by  the  more 
musical  or  continuous  parts,  because  of  reflection  of  sound  or 
reverberation. 

Normal  Bespiratory  Murmur. 

Before  considering  changes  in  the  quality  of  the  respiratory 
murmur,  it  is  necessary  that  the  point  of  origin  of  that  sound  be 
discussed.  In  regard  to  this  point,  the  theory  most  in  vogue 
at  present  is,  that  the  normal  respiratory  murmur  occurs  at 
those  points  where  the  bronchioles  open  into  the  infundibula 
(Fagge  and  Pye-Smith,  op,  cU,,  vol  L  pp.  935  and  936 ;  Bristowe, 
op.  dt.,  p.  387).  A  few  physicians,  however,  hold  that  the  normal 
respiratory  murmur  is  produced  at  the  larynx,  and  conducted  to 
the  stethoscope  through  the  lungs. 

There  are  some  serious  objections  to  the  hypothesis  that  this 
murmur  is  produced  in  the  infundibula. 

(1)  It  has  never  been  shown  that  the  passage  of  an  exceed- 
ingly minute  quantity  of  air  from  a  minute  tube  ('5  mm. 
diameter, — M'Kendrick,  op.  dt.,  p.  299)  into  a  minute  cavity 
really  does  produce  a  sound  at  all.    The  amount  of  air  actually 
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passing  in  and  out  of  each  inf nndibulom  during  the  inspiration 
and  expiration  must  be  exceedingly  little,  because  the  whole  con- 
tents of  an  infundibulum  is  very  small,  and  the  differences  in 
the  cubic  space  during  expiration  and  inspiration  must  be  far 
smaller  still,  because  there  is  no  approach  to  collapse  of  the 
structure  during  expiratioit  Could,  then,  these  exceedingly 
minute  quantities  of  air  really  produce  a  sound  in  the  infundi- 
bula  of  such  intensity  that,  even  summed  up  together,  the  result 
would  be  audible  at  the  thoracic  wall  ?  To  the  writer  it  appears 
highly  improbable  that  they  could,  and  most  certainly  it  has 
never  been  shown  that  they  do.  Therefore  the  present  theory 
has  to  assume  that  a  sound  occurs  at  all, — an  assumption  which 
has  no  basis  in  fact.    This  objection  is  a  very  serious  one. 

(2)  The  theory  in  question  totally  fails  to  explain  the  occur- 
rence of  the  expiratory  portion  of  the  respiratory  murmur. 
That  is  to  say,  even  if  the  inspiratory  portion  were  accounted 
for  by  assuming  that  a  fluid  vein  in  the  infundibulum  produced 
the  sound,  there  is  no  fluid  vein  at  all  during  expiration.  Fagge 
{op.  eU.,  vol.  i. ;  op.  cU.^  p.  936,  footnote)  suggests  that  the  bron- 
chiole may  project  into  the  infundibulum  and  form  a  rim.  Now, 
there  is  no  evidence  at  all,  either  anatomical  or  other,  for 
supposing  that  such  a  condition  exists ;  and  even  if  it  were  the 
case,  there  is  no  proof  that  such  a  structure  could  produce  a 
sound  during  expiration. 

(3)  It  is  a  well-known  clinical  fact,  and  was  pointed  out  by 
Stokes  long  ago  (Pye-Smith  and  Fagge,  op.  cit,  vol.  L  p.  936), 
that  when  the  larynx  is  diseased  it  is  often  difllcult  or  impos- 
sible to  tell  by  auscultation  if  the  lung  is  healthy  or  affected. 
Now,  if  the  normal  respiratory  murmur  depended  upon  the 
formation  of  a  fluid  vein  in  the  inf undibula,  it  is  difficult  to  see 
why  it  should  be  altered  by  changes  at  the  larynx  (dyspnoea  is 
understood  to  be  absent). 

(4)  The  experiments  upon  which  in  great  part  this  theory  rests 
are  open  to  quite  other  interpretations  than  those  put  forward 
by  the  supporters  of  the  theory.  These  experiments  were  per- 
formed by  Bondeau,  Bergeon,  and  Chauveau,  and  are  to  be  found 
in  the  Gaaette  Eebdom.,  December  1863,  Paris.  The  trachea  of 
a  horse  was  cut  through  and  dragged  out  through  the  wound  in 
the  skin.     On  listening  over  the  lungs  the  inspiratory  murmur 
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was  not  diminished  in  intensity.  From  this  experiment  it  was 
held  as  proven  that  the  inspiratory  murmur  could  not  be  pro- 
duced at  the  larynx.  It  appears  to  the  writer  that  there  is  this 
fallacy :  the  trachea  could  hardly  be  brought  through  a  wound 
of  such  a  nature  without  either  being  pinched  by  the  edges  of 
the  wound,  or  being  bent  and  narrowed  at  the  point  where  it  is 
turned  out  of  its  natural  course  before  being  brought  through 
the  wound.  This  sudden  narrowing  would  produce  all  the 
requisite  conditions  for  a  fluid  vein,  so  that  the  sound  heard 
over  the  lung  by  the  observers  may  after  all  have  been  a  sound 
transmitted  from  the  trachea. 

Another  experiment  to  which,  perhaps,  most  importance  was 
attached  was  as  follows : — ^The  pneumo-gastric  nerve  of  a  horse 
was  cut  through;  on  listening  over  the  thorax  and  trachea 
respectively,  the  inspiratory  murmur  was  found  to  have  disap- 
peared over  the  thorax,  while  the  tracheal  murmur  remained. 
From  this  it  was  assumed  that  the  muscular  walls  of  the  bron- 
chioles were  paralysed,  and  hence  opened  into  the  infundibula 
by  wide  funnel-shaped  mouths,  and  no  fluid  vein  was  formed 
(Pye-Smith  and  Fagge,  op.  cU.,  vol.  L  p.  935).  But  there  is 
another  way  of  explaining  this  without  any  such  assumption. 
By  paralysing  the  muscles  of  the  bronchi  and  bronchioles, 
relaxation  of  those  structures  would  ensue,  so  that  a  sound 
carried  from  the  larynx  would  be  lost ;  in  the  writer's  opinion 
this  is  exactly  what  does  happen  when  the  pneumo-gastric 
is  cut. 

(5)  The  auscultatory  signs  of  emphysema  throw  a  great  deal 
of  doubt  upon  this  theoiy.     In  that  disease  the  inspiratory 
murmur  is  greatly  diminished,  and  may  even  be  inaudible :  is  it 
to  be  assumed,  then,  that  the  bronchioles  open  into  the  infun- 
dibula by  a  vnde  funnel-shaped  opening  ?     If  this  be  granted,  the 
question  next  arises,  How  is  the  prolonged  and  undiminished 
expiratory  murmur  of  emphysema  produced  ?    In  the  work  just 
quoted  (Fagge  and  Pye-Smith,  op,  dt.,  vol.  i.  p.  936,  footnote), 
and  on  the  very  next  page  to  that  just  quoted,  it  appears  that 
"in  emphysema  it  is  fair  to  suppose  that  the  vn/mth  of  the  bron- 
chiole projects  some  distance  forwards  inio  the  spouce  formed  by  the 
dilated  air-sacs  around  it " !    That  is  to  say,  that  the  anatomical 
conditions  of  emphysema  may  be  exactly  the  opposite  of  those 
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obtainiBg  after  section  of  the  pneumo-gastric,  and  yet  the  effect 
of  these  conditions  upon  the  inspiratory  murmur  is  just  the 
same, — a  conclusion  which  is  logically  absurd. 

(6)  The  following  experiment  which  the  writer  performed 
throws  considerable  doubt  upon  the  deductions  drawn  from  the 
experiment  just  related  A  dog  was  killed  with  chloroform^ 
and  its  lungs  carefully  removed  from  the  thorax.  A  small 
circular  block  of  wood  with  a  metal  tube  running  through  its 
long  axis  was  tied  tightly  into  the  mouth  of  the  trachea.  On 
blowing  through  the  tube  and  thus  inflating  the  lungs,  a  loud 
sound  was  heard  over  the  trachea,  comparable  to  the  tracheal 
murmur  of  ordinary  inspiration.  On  listening  over  the  lungs, 
however,  a  murmur  was  also  heard  during  inflation,  softer  in 
character  than  that  heard  over  the  trachea,  and  quite  compar- 
able to  the  normal  inspiratory  murmur  of  health.  Now,  in 
this  case  the  muscular  walls  of  the  bronchioles  were  certainly 
paralysed,  for  the  lungs  had  been  extracted  from  the  body  some 
hours  before ;  therefore,  according  to  the  accepted  theory,  there 
can  have  been  no  fluid  vein  at  the  mouths  of  the  bronchioles 
sufficient  to  produce  a  sound  in  the  infundibula ;  but  a  murmur, 
loud  and  distinct,  was  heard  over  the  lung  parenchyma.  It 
appears  to  the  writer,  therefore,  that  this  sound  was  certainly 
transmitted  from  the  trachea,  just  as,  in  his  opinion,  the  normal 
respiratory  murmur  is. 

(7)  The  following  experiment,  though  not  absolute  proof,  would 
lend  support  to  the  hypothesis  that  the  normal  respiratory  mur- 
mur is  produced  at  the  larynx. 

Into  the  mouth  of  a  healthy  living  adult  was  inserted  a  short 
india-rubber  tube  and  the  lips  closed  round  it,  care  being  taken 
that  the  lumen  of  the  tube  was  not  obliterated  by  the  pressure 
of  the  lips  or  teeth.  The  subject  was  instructed  to  breathe 
through  the  tube,  and  not  through  the  nose.  A  tuning-fork 
(A  440  vibs.)  was  kept  vibrating  at  a  constant  intensity  by  a 
battery  and  coil,  and  was  held  immediately  opposite  the  opening 
of  the  india-rubber  tube.  On  listening  over  the  thorax  the  writer 
beard  the  sound  distinctly,  and  it  was  very  noticeable  that  it 
was  considerably  stronger  during  inspiration  than  during  expira- 
tion ;  the  cause  of  this  difference  being,  that  the  current  of  air 
during  inspiration  helped  to  conduct  the  sound  into  the  thorax, 
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while    during    expiration    the   current    produced    a    reverse 
effect 

Now,  it  appears  to  the  writer  that  the  difference  between  the 
expiratorj  and  inspiratory  murmurs  of  normal  respiration  is 
capable  of  similar  explanation. 

During  inspiration  a  fluid  vein  is  formed  below  the  glottis,  and 
sound  passes  downwards  by  the  air,  and  also  by  the  walls  of  the 
trachea,  etc.  Not  only  so,  but  the  current  of  air  is  passing  down^ 
wards  towards  the  parenchyma,  and  this  will  aid  the  propagation 
of  the  sound  in  that  direction.  On  reaching  the  parenchyma, 
the  sounds  find  it  of  exceedingly  slight  density,  and  hence  easily 
set  in  vibration,  the  latter  being  conveyed  to  the  parietes  as 
related  above,  and  to  a  certain  extent  reinforced  by  the  sound 
which  has  been  carried  down  the  whole  way  by  the  walls  of  the 
trachea,  bronchi,  etc. 

During  expiraiion  a  fluid  vein  is  formed  above  the  vocal  cords. 
So  far  as  the  vibrations  which  are  conducted  by  the  walls  of  the 
trachea,  etc.,  are  concerned,  there  will  be  little  difference  between 
inspiration  and  expiration;  but  as  regards  the  sound  which  is  to 
pass  downwards  by  the  air,  a  different  state  of  matters  obtains. 
First  of  all,  the  fluid  vein  is  produced  above  the  cords,  and  not 
below,  which  entails  a  certcdn  amount  of  loss ;  but  what  is  of 
more  importance  is,  that  the  whole  force  of  the  current  of  air  is 
directed  away  from  the  parenchyma.  This  causes  a  still  greater 
loss  of  the  sound  transmitted  downwards  by  the  air.  Thus  it 
will  be  seen  that  the  aerial  vibrations  which  reach  the  paren- 
chyma during  expiration  will  be  either  greatly  enfeebled  or 
entirely  lost ;  the  expiratory  portion  of  the  respiratory  murmur 
will  therefore  be  composed  chiefly  of  the  sound  conveyed  down 
by  the  walls  of  the  respiratory  tract.  For  that  reason  the  in- 
spiratory murmur  will  be  much  louder  than  the  expiratory. 

It  will  be  asked,  why  is  the  expiratory  murmur  not  only  so 
much  fainter,  but  also  much  shorter  than  that  of  inspiration  ? 
The  explanation  is  as  follows.  If  the  physician  listen  over  the 
larynx  of  a  healthy  subject,  he  will  notice  that  though  the  mur- 
murs of  inspiration  and  expiration  are  equal  in  duration,  they  are 
different  in  character.  The  inspiratory  murmur  is  of  continuous 
intensity  throughout,  but  that  of  expiration,  though  at  its  com- 
mencement as  strong  or  possibly  stronger  than  the  inspiratory 
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somid,  becomes  more  feeble  towards  the  close  of  the  act.  This  is, 
of  course,  what  we  would  expect  Inspiration  being  a  muscular 
act  of  continuous  intensity,  it  follows  that  the  flow  of  air  through 
the  glottis  will  be  kept  at  a  constant  rate.  But  expiration  is 
not  a  muscular  act ;  it  is  due  to  the  elasticity  of  the  thoracic 
walls  and  pulmonary  tissues;  hence  it  is  evident  that  the  expira- 
tory force  must  decline  from  the  beginning  of  the  act  to  the  end; 
the  result  of  this  is,  that  the  air  is  driven  through  the  glottis 
with  diminishing  force,  and  hence  the  murmur  produced  becomes 
less  intense  as  the  act  proceeds. 

If  the  experimenter  listen  over  the  chest  of  a  healthy  subject 
who  has  been  told  to  make  a  muscular  effort  during  expiration, 
and  keep  the  force  of  the  expiratory  act  at  the  same  intensity 
throughout,  he  will  find  that  both  parts  of  the  inspiratory  murmur 
are  of  equal  duration,  or  very  nearly  sa  Indeed,  there  is  no 
need  to  cite  experiment  in  this  matter;  disease  itself  offers  an 
example.  In  emphysema,  where  expiration  is  a  muscular  act, 
the  two  portions  of  the  respiratory  murmur  are  of  equal  dura- 
tion, or  the  inspiratory  portion  may  even  be  shorter  than  the 
expiratory. 

Now,  having  shown  that  the  murmur  of  expiration  as  heard 
over  the  trachea  becomes  enfeebled  towards  its  close  in  the 
healthy  subject,  we  can  see  at  once  that  if  any  part  of  that 
murmur  is  to  be  lost  during  its  propagation  to  a  distance,  it 
will  be  that  part  which  occurs  at  the  end  of  the  act.  This  is 
exactly  whai  we  find  on  listening  over  the  thoracic  waUs;  the 
expiratory  murmur  begins  at  the  moment  of  expiration,  but 
dies  away  long  before  the  act  has  reached  its  close. 

The  reason  why  the  healthy  thoracic  murmur  is  softer  than 
that  heard  over  the  trachea  and  bronchi,  is  the  same  as  that 
which  was  previously  described  to  account  for  the  buzzing  i 
indefinite  nature  of  the  thoracic  voice.  By  propagation  down- 
wards through  the  bronchi,  etc.,  the  musical  elements  of  the 
sound  gradually  overpower  the  harsher  elements,  with  the  result 
that  the  sound  becomes  softer  and  more  continuously  musica 
in  character. 

It  may  be  urged  against  the  explanations  just  put  forward 
that  the  voice  is  produced  during  expiration,  and  that,  as  a 
result,  very  little  of  the  sound  will  be  transmitted  downwards 
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by  the  air,  just  as  happens  during  the  expiratory  murmur. 
There  is  this  difference,  however :  the  voice  is  far  more  intense 
than  the  expiratory  murmur,  and  can  easily  cope  with  the 
current  of  air  passing  upwards.^ 

BroTichophony. 

As  in  health,  so  also  in  consolidation  the  voice  is  transmitted 
downwards  both  by  the  walls  of  the  respiratory  tract  and  by  the 
air  contained  in  them.  In  their  passage  downwards,  according 
to  Skoda,  the  aerial  vibrations  are  reinforced  as  soon  as  the  voice 
reaches  those  bronchi  which  are  surrounded  by  condensed  lung, 
with  greater  intensity  than  in  health.  This  is  doubtful,  but  for 
the  present  let  it  be  assumed  as  true.  One  thing,  however,  is 
quite  certain:  any  vibrations  occurring  in  the  air  within  those 
tubes  surrounded  by  condensed  lung  can  only  with  enormous 
loss  in  their  intensity  become  transformed  into  vibrations  in  the 
solid,  dense  organ.  Every  acoustician  will  agree  on  that  point 
On  the  other  hand,  it  has  been  shown  that  the  healthy  lung 
could  easily  be  set  in  vibration  by  sounds  transmitted  down  by 
the  air  because  of  its  slight  density.  It  follows,  that  in  consoli- 
dation very  little  of  the  sound  occurring  in  the  air  of  the  bronchi 
and  bronchioles  ever  reaches  the  stethoscope  compared  to  that 
which  does  in  health.  This  is  the  reason  why  the  thoracic  voice 
heard  over  consolidated  lung  is  not  so  indefinite  as  in  health; 
the  confusion  of  sounds  which  occurs  in  the  passage  of  the  voice 
within  the  tubes  is  not  permitted  to  reach  the  ear  because  of  the 
great  mass  of  dense  limg  which  intervenes.  On  the  other  hand, 
the  sounds  which  are  conducted  by  the  solid  tissues  are  con- 
ducted with  far  greater  intensity  than  in  health,  for  the  reasons 
given  on  pages  217  and  218,  viz.,  increased  tension  and  increased 
density  and  homogeneousness.  This  is  the  reason  why  broncho- 
phony is  not  only  more  intense,  but  more  distinct  and  articulate 
than  the  healthy  thoracic  voice. 

^  Since  writing  the  above  pages,  the  writer  has  become  aware  of  the  fiict  that 
an  explanation  of  the  normal  i^espiratory  murmur  similar  to  that  just  given  has  in 
recent  times  been  taught  in  Germany.  Vide  Vierordt's  Text-Book  of  Medical 
Diagnosis,  p.  142,  1891 ;  trans,  by  Stuart.  But  what  the  actual  acoustical 
reasoning  which  led  to  this  explanation '  is,  the  present  writer  has  not  been  able 
to  find  out. 
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BroTuMal  Breathing, 

Prom  the  expIaDation  of  bronchophony  just  given,  the  cause 
of  bronchial  breathing  will  easily  be  inferred.  Just  as  the 
articulation  of  the  voice  is  not  sufl&ciently  diminished  by 
resonance  to  prevent  its  being  perceptible,  so  also  the  harsh- 
ness of  the  respiratory  murmurs  is  not  softened  by  reverbera- 
tion in  the  tubes,  but  is  conducted  down  by  the  walls  of  the 
bronchi  and  solid  lung,  etc. 

The  inspiratory  porticm  of  the  murmur  of  bronchial  breathing 
is  not  necessarily  more  intense  than  the  same  portion  of  the- 
normal  respiratory  murmur.  The  reason  of  this  is,  that  in 
health  such  a  very  large  portion  of  the  soimd  is  carried  by 
the  air.  Now^in  condensation,  all  or  nearly  all  this  sound  is 
lost  so  far  as  the  ear  is  concerned,  and  the  increased  intensity 
of  that  part  of  the  sound  conducted  by  the  walls  of  the  tubes 
may  or  may  not  be  sufficient  to  make  up  for  the  loss  of 
sound  originally  aerial 

The  expiraiory  portion  of  the  murmur  of  bronchial  respiration 
IS,  on  the  other  hand,  always  loiter  and  more  intense  than  in 
health :  the  reason  of  this,  of  course,  is,  that  even  in  health  com* 
paratively  little  of  the  sound  is  carried  by  the  air ;  and  though 
that  may  be  lost,  it  is  far  more  than  equalled  by  the  amount 
gained  by  increased  conducting  power  through  the  walls  of  the 
respiratory  tract  and  condensed  tissue  of  disease.  This  increase, 
as  before  stated,  is  due  to  the  increased  tension  and  homogeneous- 
ness  of  the  tissues. 

Tubidar^  amphoric^  and  oa/Berrums  are  variations  of  bronchial 
breathing,  all  agreeing  in  tins  respect,  that  the  inspiratory  and 
expiratory  portions  are  equal  in  intensity,  or  nearly  so.  It  may 
be  that  in  certain  cases  some  amount  of  resonance  in  eavities 
occurs,  and  produces  what  is  known  as  cavernous  respiration. 
That  this  is  not  always  so  is  proved  by  the  fact  that  cavernous 
respiration  may  be  heard  where  no  cavity  exists  (Fagge  and  Fye- 
Smith,  op,,  dt.,  vol.  i.  p.  936).  The  writer  is  inclined  to  believe 
that  these  variations  are  due  to  the  purity  and  intensity  with 
which  the  sounds  are  carried  away  from  the  walls  of  the  bronchi 
and  trachea,  e^.„  if  extreme  tension  exists  between  the  thoraoia 
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walls  and  a  large  bronchus,  such  as  very  frequoitlj  occurs  in 
the  case  of  cavities  (see  page  222),  then  the  breathing  will 
approach  most  nearly  to  the  tracheal  in  character. 


Pectoriloquy. 

This  is  merely  an  exquisite  example  of  bronchophony,  and  most 
writers  look  upon  it  as  such.  It  bears  out  completely  the  ex- 
planation of  the  normal  vocal  resonance  and  bronchophony  given 
in  the  previous  pagea 

The  patient  is  told  to  whisper.  Why  is  this  done  ?  Because 
by  so  doing  the  musical  parts  of  speech  are  enfeebled,  and  even 
the  slight  resonance  which  probably  takes  place  in  the  trachea 
when  bronchophony  occurs  is  very  much  diminished,  and  the 
ear  hears  the  voice  almost  as  distinctly,  though  not  so  loudly,  as 
at  the  larynx.  The  conduction  of  sound  by  the  soUd  tissues  is 
most  complete  in  pectoriloquy,  and  the  conduction  by  air  is 
almost  completely  in  abeyance  so  far  as  the  ear  is  concerned ; 
the  result  is  that  less  confusion  of  sound  results  than  in  any 
other  condition. 

That  the  presence  of  a  cavity  is  not  necessary  for  the  develop- 
ment of  pectoriloquy  is  proved  by  the  fact  that  it  is  sometimes 
most  perfectly  heard  over  a  lung  in  which  no  cavities  exist  at 
all.  (Fagge  and  Pye-Smith,  op.  ci^.,  voL  i  p.  939.  Bristowe,  op. 
dt,  p.  392.    Finlayson,  op.  cU,,  p.  639.) 

It  appears  to  the  writer  that  the  cause  of  pectoriloquy  is 
excessive  tension  between  the  root  of  the  lung  and  the  pleura; 
this  is  what  is  exceedingly  likely  to  occur  in  phthisis  which 
has  reached  the  stage  of  excavation,  but  it  is  quite  conceiv- 
able that  such  a  degree  of  tension  might  exist  before  that 
stage  (see  page  222),  or  sometimes  even  in  pneumonic  con- 
solidations. 

From  the  explanations  of  normal  vocal  resonance,  broncho- 
phony, bronchial  breathing,  etc.,  just  related,  it  will  be  seen 
that  we  are  in  the  further  position  to  explain  other  phenomena, 
which,  so  far  as  the  writer  is  aware,  are  inexplicable  by  any 
other  theory.  Physicians  know  well  that  bronchophony  may 
vary  in  intensity  and  also  in  clearness.  Now,  it  has  been 
shown,  in  the  first  part  of  this  paper,  that  variations  in  the 
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intexiflity  of  the  voice  are  dne  chiefly  to  variatioiis  in  the  tension 
of  the  stractures,  and  it  is  needless  to  enter  further  into  that 
subject  here. 

The  explanation  of  variations  in  distinctness  of  the  ydce 
appear  to  the  writer  to  be  as  follows : — It  has  been  shown  that 
as  the  aerial  vibrations  are  conducted  do?niwards,  they  are 
reflected  in  the  tabes,  with  the  result  that  confusion  of  the 
sound  occurs;  and  it  is  plain  that  the  further  this  reflection 
goes,  the  more  complete  will  be  the  confusioiL  Thus  the  con- 
fusion will  be  least  in  the  trachea,  and  become  more  pro- 
nounced as  the  sound  passes  downwards. 

It  has  been  shown,  further,  that  when  consolidation  occurs, 
the  amount  of  sound  transmitted  from  the  air  to  the  solid 
tissues  becomes  enormously  diminished.  It  follows,  then,  that 
the  more  nearly  the  consolidation  approaches  the  larger  bronchi 
or  trachea,  the  less  do  these  aerial  vibrations  take  part  in  the 
sound  which  finally  reaches  the  ears,  and  hence  the  voice  is 
more  articulate. 

In  practice  we  can  never  quite  eliminate  the  aerial  vibrations, 
because  the  trachea  is  never  surrounded  by  consolidated  tissue ; 
so  that  the  walls  of  that  structure,  at  least,  are  always  ready  to 
take  up  sound  from  the  air  in  its  cavity,  the  more  so  in  that 
they  are  elastic. 

Illustrations  of  the  efiect  of  resonance  or  reverberation  upon 
a  series  of  articulate  sounds  quickly  following  one  another  are 
very  common  on  a  larger  scale  in  Nature.  If  one  listens  at  the 
mouth  of  a  long  tunnel  whUe  a  railway  train  enters  at  the  other 
end,  at  first  one  hears  a  low,  continuous,  loud  sound,  the  con- 
stituent parts  of  which  the  ear  cannot  distinguisL  As  the  train 
comes  nearer,  however,  the  sound  becomes  harsher,  then  rougher ; 
gradually  the  rattling  of  the  carriages  (especially  if  it  be  a  goods 
train)  becomes  distinguishable  from  the  rest  of  the  sound,  and 
finally  the  individual  pufb  from  the  engine.  The  reason  of  these 
elements  of  the  sound  becoming  clearer  as  the  train  approaches 
is  not  merely  a  matter  of  increased  intensity  of  the  sounds ;  for 
if  the  train  be  moving  iu  the  open  air,  the  different  elements 
are  distinguishable  further  off  than  they  are  when  in  the  tunnel, 
although  in  the  latter  case  the  sound  is  far  more  intense.  The 
reason  of  the  gradually  increasing  clearness  is,  that  as  the  train 
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approaches,  the  sound  has  to  undergo  less  reflection  before  it 
reaches  the  ear. 

On  the  other  hand,  the  clearness  with  which  sounds  may  be 
conducted  if  thej  do  not  undergo  reflection  in  a  closed  space  is 
sometimes  exemplified  in  an  astonishing  manner.  On  the  New 
Year's  eve  of  1896,  the  writer  was  standing  upon  the  shore  at 
Strone,  Argyllshire.  At  Hunter's  Quay,  on  the  other  side  of  the 
loch,  a  distance  of  nearly  a  mile,  a  company  of  reveUers  were 
singing.  Every  syllable  of  the  song  ("For  he's  a  jolly  good 
fellow  ")  was  distinguishable  as  it  came  across  the  sea.  When 
the  song  was  finished,  ordinary  conversation  apparently  ensued 
amongst  the  company.  The  exact  words  could  not  be  made  out, 
(except  occasionally  such  words  as  "  pipe  ") ;  but  the  words  and 
even  the  syllables  were  distinguishable  from  one  another.  The 
writer  has  repeatedly  observed  the  remarkable  clearness  with 
which  sounds  were  transmitted  across  the  loch  on  calm,  quiet 
evenings,  but  never  in  such  perfection  as  on  that  occasion.  It 
should  be  remarked  that  on  the  evening  mentioned  there  was  a 
slight  mist  in  the  air  and  a  dead  calm  upon  the  sea. 

It  appears  to  the  writer  that  we  have  similar  examples  in  the 
chest :  there  is  this  difference,  however,  that  we  hear  the  sound 
through  solid  tissues.  In  health  the  sounds  of  the  voice  and  of 
respiration  are  carried  downwards  from  the  larynx,  both  by  the 
air  in  the  tubes  and  by  the  walls  of  the  respiratory  tract  It 
is  evident  that  the  part  of  the  sounds  carried  by  the  air  is 
reflected  again  and  again,  and  thus  becomes  confused,  con- 
tinuous, and  softer.  Further,  the  portion  of  the  sound  can  be 
transmitted  to  the  parenchyma  without  much  difficulty  in  healthy 
because  the  tissue  in  that  condition  consists  of  exceedingly  light 
stretched  membranes.  Hence  the  sound  which  reaches  the 
stethoscope  is  confused  and  softened :  this  applies  both  to  the 
voice  and  the  respiratory  murmur. 

When  consolidation  of  the  lung  occurs,  no  doubt  the  sounds 
conducted  downwards  by  the  air  are  resonated  or  reflected 
just  as  much  as  in  health,  and  possibly  more  so ;  but  they  do 
not  reach  the  stethoscope  in  anything  like  the  extent  to  which 
they  do  in  health.  The  tissue  is  now  converted  into  a  heavy, 
solid  mass,  only  with  the  greatest  difficulty  set  into  vibration 
by  soimds  occurring  in  the  air,  though  easily  caused  to  do  so  by 
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sounds  reaching  it  through  the  solid  structures,  just  as  a  heavy 
plate  of  iron  may  be  set  strongly  into  vibration  if  the  stem  of 
a  tuning-fork  be  brought  vrUo  corvtad  wUh  it. 

The  sounds  conducted  down  by  the  walls  of  the  trachea  and 
bronchial  tubes  will  easily  set  the  solid  condensed  mass  into 
vibration,  because  the  densities  of  the  walls  of  the  bronchial 
tubes  and  the  hepatised  lung  are  nearly  the  same.  Now,  as 
these  vibrations  have  not  undergone  much  resonance  or  reflec- 
tion, it  is  evident  that  the  sounds  will  be  similar  in  character 
to  those  heard  over  the  main  bronchi.  The  vocal  resonance 
will  be  articulate,  and  the  respiratory  murmur  harsh;  the 
expiratory  and  inspiratory  portions  being  of  nearly  equal 
duration. 

From  the  explanations  offered  by  the  writer  to  account  for 
alterations  in  clearness  of  sound  transmitted  through  the  lung, 
and  also  from  his  explanations  on  the  causes  of  alterations  in 
intensity  of  sound  transmitted  through  those  organs,  it  might  be 
expected  that  over  the  site  of  a  collapsed  lung  faint  broncho- 
phony and  bronchial  breathing  might  be  heard.  That  is  to  say, 
that  the  thoracic  voice  And  breath-sounds,  though  fainter  than 
in  health  because  of  the  diminished  tension,  would  approach 
more  nearly  in  character  to  the  tracheal  or  bronchial  voice 
and  bronchial  respiration  than  in  health,  because  the  sound 
which  reaches  the  ear  has  undergone  less  resonance  (as  ex- 
plained part  iL,  A).  Many  authorities  state  this  as  a  fact, 
and  thus  bear  out  the  writer's  views  to  the  full;  but  the 
writer  must  admit  that  he  has  not  heard  either  bronchophony 
or  bronchial  respiration  over  a  collapsed  lung ;  the  reason  being 
that  the  diminution  of  tension  causes  such  a  great  loss  of  sound 
that  the  remainder  which  reaches  the  ear  is  so  very  faint,  its 
quality  cannot  be  easily  compared  to  bronchophony  or  bronchial 
respiration  as  heard  over  a  main  bronchus.  This,  of  course,  only 
alludes  to  the  cases  in  the  writer's  own  experience.  No  doubt, 
faint  bronchial  breathing  and  faint  bronchophony  may  some- 
times be  heard  over  a  collapsed  lung;  but  if  these  are  per- 
ceptible, they  will  be  fainter  than  the  normal  vocal  resonance 
or  normal  thoracic  respiratory  murmur,  because  of  the  diminu* 
tion  of  tension. 


368  DB  ALBERT  A.  GBA7. 


^gophony. 

This  change  in  the  vocal  resonance  is  acoustically  the  most 
interestii^  and  most  peculiar  alteration  of  the  thoracic  voice. 
Not  only  so,  but  this  acoustic  peculiarity,  as  will  be  shown 
later,  enables  us  to  assign  to  s^ophony  its  causation  with  a 
considerable  degree  of  certainty. 

i£gophony  is  not  necessarily  a  change  in  the  intensity  of  the 
normal  vocal  resonance;  it  is  usually  more  intense  than  the 
latter,  but  not  always.  Neither  is  it  a  chai^  in  the  distinct- 
ness of  articulation. 

The  outstanding  features  of  segophony  are : — (1)  it  is  higher- 
pitched  than  any  other  form  of  the  thoracic  voice;  (2)  it  is 
nasal ;  in  its  typical  form,  veiy  nasal  Besides  these  character- 
istics, it  is  tremulant 

Now,  since  the  sound  is  higher  in  pitch  than  it  normally 
should  be,  it  is  evident  that  one  of  two  things  must  occur: 
either  the  lower  tones  of  the  voice  must  be  diminished  in 
intensity,  or  the  higher  tones  must  be  increased. 

But,  besides  being  high-pitched,  eegophony  has  another  char- 
acteristic, more  prominent  perhaps  than  its  pitch,  viz.,  its  nasal 
charcuter.    How  is  this  nasal  character  to  be  accounted  for  ? 

Fortunately,  acoustics  is  a  more  or  less  exact  science,  and 
vague  generalities  are  of  no  value.  There  is  one  way  in  which 
a  sound  may  become  nasal,  and,  so  far  as  the  writer  knows,  one 
way  only;  that  is,  by  being  possessed  of  a  preponderance  of  the 
iTiJutrmomc  or  tmeven  series  of  vpper  partial  tones. 

The  writer  would  like  to  make  a  digression  on  this  subject. 

Many  authors  writing  on  the  subject  of  aegophony  state  that 
the  sound  is  due  to  a  preponderance  of  harmom'c  partial  tones. 
(Bristowe,  op,  cU,,  p.  393.  Gibson  and  Russell,  Physical  Dvag* 
nosis^  1890,  p.  160.)  But  no  preponderance  of  harmonic  over- 
tones could  make  a  sound  nasal  Similarly,  the  statement  that 
88gophony  is  due  to  the  preponderance  of  over-tones  in  general  is 
incorrect,  because  this  also  would  not  give  the  voice  a  nasal  tone. 
On  the  other  hand,  to  quote  Helmholtz : — **  If  only  the  uneven 
(that  is,  inharmonic)  partials  are  present  .  .  .  the  quality  of  the 
tone  is  hollow;  and  when  a  large  number  of  such  upper  partials 
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are  present,  nasal"  {^TfyMfmpjvndwng^  3rd  edition,  1870;  trans, 
by  Alexander  J.  Ellis,  p.  173.) 

There  is,  therefore,  no  question  but  that  the  nasal  tone  of 
segophony — or  as  Laennec  expressed  it,  like  the  voice  of  Punch 
{JiA%acMaJtvm  mediate,  tome  L  s.  154) — ^is  due  to  a  preponder- 
ance of  the  inharmonic  upper  partial  tones.  It  is  this  fact 
which,  as  wiQ  be  shown  later,  enables  us  to  assign  to  segophonj 
its  true  cause  with  certainty. 

Before  going  on  to  give  his  own  explanation  of  s^ophony, 
the  writer  would  like  first  of  all  to  criticise  the  presently 
accepted  theory.  This  is  necessary,  as  that  hypothesis  is  very 
widely  accepted.  This  theory  was  elaborated  by  Dr  W.  H. 
Stone,  and  is  enunciated  in  St  Thomoffs  Hospital  Seports,  1871, 
vol  iL  p.  187.  It  is  to  this  effect :  that  the  voice  passing  from 
the  lung  into  the  fluid,  through  the  fluid,  and  again  from  the 
fluid  into  the  parietes,  undergoes  a  certain  amount  of  loss. 
In  this  transmission  the  lower  or  fundamental  tones  suffer 
more  than  the  higher  or  partial  ones ;  hence  the  voice  reaches 
the  ear  higher  in  pitch,  and  segophony  is  produced.  Thus  the 
hypothesis  is  very  simple,  and  it  is  perhaps  on  this  account  that 
it  has  been  so  widely  accepted.  But  when  carefully  examined, 
it  is  found  to  be  incompetent  to  explain  the  facts,  and  the 
objections  to  it  are  numerous. 

(1)  If  s^ophony  be  due  to  a  greater  loss  of  the  lower  tones 
than  the  upper  ones,  then  it  would  of  necessity  be  a  very  faint 
sound,  because  the  fundamental  tones  are  the  strongest  element 
of  the  voice.  Besides,  although  the  lower  tones  may  be  lost 
more  in  proportion,  it  is  evident  the  partials  must  also  be  lost  to 
a  certain  extent  This  would  make  segophony  an  exceedingly 
faint  sound.  As  a  matter  of  fact,  it  may  be  and  usually  is  more 
intense  than  normal  vocal  resonance. 

(2)  The  theory  does  not  explain  the  great  preponderance  of 
the  inharmonic  partials;  because  no  loss  of  tones  by  mere 
transmission  through  various  media  would  allow  the  inharmonics 
to  pass,  and  the  fundamentals  and  harmonics  to  be  stopped. 
Thus  the  prominent  feature  of  aegophony  is  absolutely  un- 
accounted for,  viz.,  the  nasal  tone. 

(3)  So  far  as  the  transmission  of  sound  through  a  homo- 
geneous fluid  is  concerned,  it  has  been  proved  that  the  lower 


370  DB  ALBERT  A.  6BAT. 

tones  do  not  suffer  so  much  loss  as  the  higher: — "sehr  einge- 
henden  studien  von  Warburg  (Magnus)  liber  die  Yerbreitung 
von  Tonen  durch  Flussigkeiten,  sondern  vieknehr  nachweisen 
dass  die  tiefen  Tone  besser  hindurchgehen  als  die  hohen  (Nie- 
meyer,  Handbuch  der  theoretiscfien  vmd  dmischen  Percussion 
und  AtcscuMation,  1871,  ii*®  Band,  ii*®  abtheilung,  p.  55). 

The  writer  has  experimented  on  this  subject  himself,  and  can 
fully  bear  out  that  statement.  So  that  even  if  the  lower  tones 
did  lose  proportionately  more  in  transmission  from  solid  to 
liquid,  and  vice  versa,  they  would  lose  less  in  the  actual  trans- 
mission through  the  fluid. 

(4)  The  experiment  upon  which  this  theory  was  elaborated 
was  not  properly  appreciated.  It  was  as  follows : — An  assistant 
spoke  into  a  wide  india-rubber  tube  over  which  was  placed  a 
bladder  filled  with  water.  The  experimenter  listened  with  a 
stethoscope  on  the  upper  surface  of  the  bladder  and  heard 
segophony  {St  Thomas's  HospUal  Beports,  1871,  voL  ii  p.  189 ; 
and  Fagge  and  Pye-Smith,  op.  eU.,  vol.  i  p.  940).  From  that 
experiment  was  drawn  the  theory  under  discussion,  viz.,  that 
the  lower  notes  were  intercepted  and  the  higher  ones  allowed  to 
pass. 

The  writer  has  repeated  this  experiment,  and  has  found  that 
the  facts  are  perfectly  true.  The  originator,  however,  neglected 
to  take  into  consideration  one  very  important  fact, — ^the  fluid 
was  enclosed  in  a  bladder,  that  is  to  say,  a  stretched  membrane. 
The  following  experiment  which  the  writer  performed  shows  the 
importance  of  this : — 

If  an  india-rubber  tube  be  led  into  water  and  out  again  so 
that  no  water  gets  into  the  tube,  and  the  ear  be  applied  to  the 
outside  of  the  vessel,  not  a  trace  of  segophony  will  be  heard,  no 
matter  how  thin  or  how  thick  the  layer  of  fluid  be  between  the 
ear  and  the  india-rubber  tube.  The  truth,  of  course,  is  that  the 
segophony  heard  by  Dr  Stone  was  due  to  the  walls  of  the 
bladder.    The  layer  of  fluid  was  only  a  secondary  matter. 

In  the  same  way  Laennec  was  able  to  obtain  s^ophony  by 
interposing  a  bladder  filled  with  water  between  the  stethoscope 
and  the  interscapular  space  of  a  healthy  individual. 

(5)  ^gophony  may  be  imitated  without  any  layer  of  fluid  at 
all    Skoda  produced  it  by  speaking  while  a  disc  was  placed 
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between  his  teeth  and  lips  (Skoda,  op.  cU.,  p.  71).  An  excellent 
way  of  imitatii^  the  sound  is  with  the  well-known  comb-and- 
paper  experiment. 

(6)  The  present  theory  in  no  way  explains  why  aegophony 
disappears  as  the  lung  goes  on  to  complete  collapse,  nor  why  it 
is  heard  so  much  better  near  the  angle  of  the  scapula  and  below 
the  axilla. 

There  are  many  other  objections  to  this  theory,  but  space 
forbids  of  their  enumeration. 

Having  shown  that  the  theory  of  segophony  at  present  in 
vogue  is  untenable,  it  remains  to  find  out  an  explanation  which 
will  account  for  the  facts. 

The  inharmonic  series  of  upper  partial  tones  are  readily 
resonated  by  various  media, — plates,  discs,  stretched  membranes, 
eta  (Helmholtz,  Tonempfindung,  trans,  by  Ellis,  pp.  114-120). 

In  the  chest  there  are  certainly  neither  plates  nor  discs,  but 
it  is  interesting  to  observe  that  Skoda  made  use  of  the  disc  to 
imitate  a^phony  (AfisdUtation  arid  Percussion,  4th  edition, 
trans,  by  Markham,  p.  71).  It  is  improbable  that  Skoda  knew 
why  the  use  of  a  disc  placed  between  the  hps  and  teeth  should 
produce  the  phenomenon,  because  Helmholtz's  great  work  was 
not  published  at  that  time.  It  is  easy  now  to  see  the  reason : 
the  disc  resonated  in  sympathy  with  the  inharmonic  partials  of 
the  voice. 

In  the  chest,  however,  we  may,  under  certain  circumstances, 
find  a  stretched  membrane  in  such  a  condition  as  to  admit  of  its 
lesonating  in  sympathy  with  the  inharmonic  partials ;  and  the 
writer  will  now  proceed  to  show  how  this  may  happen. 

Into  the  mathematical  and  theoretical  aspect  of  the  question 
it  is  obviously  beyond  the  scope  of  this  paper  to  enter.  That 
subject  is  fully  discussed  in  Lord  Eayleigh's  TTieory  of  Sound 
(1877,  voL  L  pp.  250-292).  One  law,  however,  must  be  noted : 
a  stretched  membrane  can  only  vibrate  in  unison  with  sounds 
higher  than  its  own  proper  tone,  and  not  with  those  which  are 
lower.  This  was  at  one  time  disputed,  but  it  has  been  shown  to 
be  true  (Lord  Eayleigh,  op,  cU.,  p.  290). 

Before  passing  on  to  show  how  a  suitable  stretched  membrane 
occurs  in  the  chest,  it  is  worthy  of  note  that  most  imitations  of 
aegophony  have  been  made  through  the  medium  of  stretched 
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xnembraneB : — Laennec :  the  bladder  filled  with  water  placed  oyer 
the  interscapular  region  of  a  healthy  chest ;  Stone's  case  of  the 
bladder  filled  with  water  placed  over  an  india-rubber  tube ;  the 
well-known  experiments  with  the  comb  and  paper, — all  these  are 
examples  of  stretched  membranes.  Skoda's  disc  between  the 
teeth  and  lips  is  not  cm  example  of  a  stretched  membrane,  but 
was  another  way  of  resonating  the  inharmonic  partials.  No 
writer  has  imitated  s^ophony  by  means  of  stretched  strings,  for 
the  very  good  reason  that  these  vibrate  in  sympathy  with  the 
harmonic  partials  (Helmholtz,  op,  cit.,  p.  71).  All  these  experi- 
ments give  further  proof  of  the  correctness  of  the  writer's 
statement  that  segophony  owes  its  character  to  a  preponderance 
of  inharmonic  partials. 

Since  the  present  theory  of  s^ophony  cannot  be  held  correct 
for  the  reasons  just  stated,  the  following  explanation  is  offered : — 

In  health  the  sound  of  the  voice  is  transmitted  downwards 
until  it  reaches  the  pleura :  fundamental  tones,  harmonic  par- 
tials, and  inharmonic  partials.  Now,  the  pleura  is  a  stretched 
membrane,  and  would  resonate  in  sympathy  with  the  inharmonic 
partials  were  it  not  that  it  is  firmly  held  up  against  the  parietes 
by  atmospheric  pressure.  Hence  we  do  not  get  a  nasal  twang 
in  health. 

In  pleurisy,  however,  the  visceral  pleura,  instead  of  being  held 
up  against  the  thoracic  wall,  is  in  contact  with  a  fluid  which 
will  allow  it  to  vibrate  in  any  mode  of  vibration  peculiar  to 
itself.  But  the  effusion  of  fluid  into  the  pleural  cavity  causes 
collapse  of  the  lung  which  lies  beneath ;  and  when  this  occurs, 
the  visceral  pleura  cannot  in  any  sense  be  called  a  stretched 
membrane, — ^it  has  become  relaxed  and  wrinkled.  At  the  upper 
margin  of  the  fluid,  however,  where  the  layer  is  becoming  very 
thin,  it  is  evident  that  the  pleura  cannot  be  completely  relaxed ; 
so  that  at  this  part  of  the  chest  we  have  the  requisite  conditions 
for  the  resonance  of  the  inharmonic  upper  partials  and  the  pro- 
duction of  aegophony. 

But  it  is  not  to  be  assumed  that  this  part  of  the  pleura  will 
always  be  in  a  condition  to  resonate  sufficiently  in  order  to 
produce  segophony.  It  might  be  too  small  in  extent  There  is 
one  part  of  the  lungs,  however,  at  which  the  requisite  conditions 
will  be  much  more  perfectly  developed  than  at  any  other  part; 
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that  is,  at  the  interlobar  septum,  because  at  this  structure  a 
whole  lobe  might  be  collapsed  and  retracted,  while  that  above  it 
remained  quite  distended.  An  excellent  specimen  demonstrat- 
ing this  condition  will  be  found  in  the  Pathological  Museum  of  the 
Western  Infirmary,  Glasgow  (Series  III.  No.  19).  It  is  therefore 
evident  that  in  this  region,  and  under  these  conditions,  aegophony 
wUl  be  most  likely  to  occur,  and  most  perfect  when  it  does 
occur.  Let  us  see,  then,  what  parts  of  the  thoracic  wall  cor- 
respond to  the  interlobar  septum. 

On  the  left  side  the  septum  passes  from  the  transverse  pro- 
cess of  the  4th  dorsal  vertebra,  crosses  obliquely  the  4th  inter- 
space and  5th  rib,  and  reaches  the  6th  interspace  in  the  axil- 
lary line;  it  then  crosses  to  the  6th  interspace,  and  passes 
forward  in  that  space.  On  the  rigJU  side  the  septum  begins  at 
the  transverse  process  of  the  5th  dorsal  vertebra,  and  passing 
obliquely  downwards,  reaches  the  6th  interspace  at  the  angle 
of  tiie  scapula,  and  runs  forward  under  the  7th  rib.  The 
septum  on  the  right  side,  separating  the  middle  lobe  from  the 
upper  one,  does  not  reach  the  posterior  aspect  of  the  lung,  but 
branches  off  from  the  main  septum  and  runs  forward.  (These 
descriptions  were  taken  from  a  model  in  the  Anatomy  rooms  of 
Glasgow  University.) 

Further,  the  inferior  surface  of  the  upper  lobe  on  the  left 
side,  and  of  the  middle  lobe  and  posterior  part  of  the  upper  lobe 
on  the  right,  look  obliquely  backwards  and  downwards.  The 
angle  of  the  scapula  lies  on  the  6th  interspace  and  the  7th  rib 
(OvdmCs  Aruxtomy,  8th  edition,  vol.  i.  p.  81).  In  the  position  in 
which  the  back  of  a  patient  is  usually  examined,  however,  the 
angle  of  the  scapula  is  carried  forwards  and  slightly  upwards, 
BO  that  it  comes  to  lie  upon  the  6th  rib  rather  than  on  the 
7th. 

From  this  it  will  be  seen  that  the  interlobar  septum  passes 
close  to  the  angle  of  the  scapula ;  on  the  right  side,  indeed,  it 
may  be  said  to  run  just  beneath  it ;  and  as  the  lower  surfaces 
of  the  upper  lobe  on  the  left  side  and  of  the  middle  lobe  and 
posterior  part  of  the  upper  lobe  on  the  right  side  look  back- 
wards as  well  as  downwards,  there  is  every  requisite  for  the 
production  of  a^ophony  in  the  region  about  the  angle  of  the 
scapula  and  the  neighbouring  region  of  the  axilla. 

VOL.  XXXL  (N.S.  vol.  XI.)  2  B 
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It  is  juti  at  these  parte  thai  €Bgaphon/g  maig  he  heard  i%  its 
mad  perfect  development;  indeed,  one  writer  goes  so  far  as  to 
say  that  it  is  never  heard  in  perfection  anywhere  else  (Bristowe, 
cp.  cU.f  p.  393). 

It  will  be  asked  why  aegophony  is  not  heard  typically  just 
below  the  interlobar  septum,  between  Hhe  scapula  and  tiie  spine, 
if  the  explanation  just  given  be  correct.  The  reaaon  is,  that  in 
this  position  bronchophony,  ot  strong  vocal  resonance,  is  usually 
heard  both  in  health  and  disease.  The  result  of  this  is,  that  the 
strong  fundamental  tones  normally  heard  over  this  area  disturb 
that  relationship  between  those  tones  and  the  inharmonic  par- 
tials,  with  the  result  that  aegophony  is  not  typical  Still,  even 
here  a  considerable  nasal  twang  is  not  uncommonly  heard  in 
pleurisy. 

The  fact  that  aegophony  is  high-pitched  is  ex|dduzed  by  the 
law  that  a  stretched  membrane  resonates  in  sympathy  with 
tones  higher  than  its  own  proper  tone,  but  not  with  those  that 
are  lower.  It  is  evident,  thai,  that  the  lower  tones  of  the  voice 
will  not  be  resonated,  while  the  upper  ones  are,  and  hence  the 
pitch  will  be  raised. 

The  trembling  that  accompanies  eegophony  seems  to  be  due  to 
quivering  in  the  fluid,  which  would  alter  momentarily  tiie  con- 
dition of  the  stretched  membrane  in  contact  with  it,  making 
that  membrane  now  lax  and  now  tense. 

There  is  also,  no  doubt,  a  certain  amount  of  loss  of  the  k>wer 
tones  and  partials  by  transmission  from  the  pleura  through  the 
fluid  and  to  the  parietes.  This  loss  may  even  be  sufficient  to 
produce  a  perceptible  diminution  of  tactile  fremitus  at  the  place 
where  segophony  is  heard,  but  it  certainly  does  not  always 
do  so. 

The  explanation  of  s^phony  above  given  accounts  for  several 
facts  which  are  quite  unexplained  by  the  present  theory  :*-<« 

(1)  The  preponderance  of  inharmonic  partials. 

(2)  The  peculiarly  limited  position  over  which  aegophony  is 
usually  heard. 

(3)  The  fact  that  the  phenomenon  disappears  when  the 
effusion  becomes  very  great:  the  lung  being  totally  collapsed, 
no  stretched  membrane  remains. 

(4)  This  explanation  also  accounts  for  the  fact,  that  although 
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the  lower  notes  are  diminished  rather  in  ^egophony,  yet  the 
sound  as  a  whole  is  more  intense  usually  than  normal  vocal 
resonance:  the  greatly  strengthened  inharmonic  partials  more 
than  counterbalance  the  somewhat  enfeebled  lower  tones. 

It  might  be  objected  to  the  writer^s  explanation,  that  the 
pleura  with  the  alveoli  below  is  too  thick  to  be  termed  a 
stretched  membrane.  This,  however,  is  merely  a  matter  of 
names;  if  preferable,  the  term  ^elastic  surface'  might  be  em- 
ployed. Both  of  these  possess  one  feature  in  common — the 
power  of  resonating,  particularly  ui  sympathy  with  the  inhar* 
monic  partials. 

Although  aegophony  is  most  usually  met  with  at  the  regions 
before  mentioned  (the  angle  of  the  scapula  and  adjacent  part  of 
the  axilla),  yet  its  area  of  distribution  may  be  much  larger. 

Laennec  records  several  such  cases,  and  in  two  of  them  he 
had  the  opportunity  of  post-mortem  examination.  In  both  of 
these  he  found  that  the  lung  had  been  prevented  from  collaps- 
ing by  numerous  adhesions.  He  attributed  the  presence  of 
segophony  in  these  cases,  as  he  did  in  others,  to  the  fact  that 
the  layer  of  fluid  was  only  of  slight  thickness.  It  seems  to  the 
present  writer  that  in  these  cases  the  pleura  formed  a  stretched 
membrane  of  considerable  extent,  as  it  was  prevented  from 
collapsing  and  becoming  relaxed  (TraitS  de  F Auscultation 
ffiSdiate,  1837,  tome  i.  p.  93). 

In  rare  cases  of  pneumonia  the  voice  is  sometimes  s^ophonie, 
or  at  least  accompanied  by  an  segophonic  twang.  This  is  prob- 
ably due  to  the  presence  of  fresh  pleuritic  exudation  which  not 
uncommonly  accompanies  pneumonia.  This  exudation,  though 
not  absolutely  liquid,  is  jelly-like,  and  very  vibratile,  and  would 
easily  permit  the  elastic  surface  beneath  to  vibrate  in  a  manner 
peculiar  to  itself, — that  is  to  say,  in  sympathy  with  the  inhar- 
monic partials. 

The  Bespiratory  Murmur  of  Emphysema. 

In  discussing  the  physical  causes  of  the  normal  respiratory 
murmur,  the  writer  gave  his  reasons  for  believing  that  that 
sound  is  generated  at  the  larynx,  and  is  conducted  through 
tiie  lungs  to  the  parietes.    It  is  not  necessary,  therefore,  to  go 
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over  exactly  the  same  ground  in  regard  to  the  point  of  origin 
of  the  respiratory  murmur  of  emphysema,  for  the  argaments 
in  favour  of  considering  the  normal  respiratory  murmur  to  be 
generated  at  the  larynx  apply  equally,  or  even  more  forcibly, 
to  the  respiratory  murmur  heard  in  emphysema. 

The  cause  of  the  alteration  in  quality  of  the  respiratory 
murmur  in  this  disease  appears  to  the  writer  to  be  as  follow& 
The  movements  of  respiration  are  altered  in  emphysema.  Ex- 
piration, instead  of  being  accomplished  by  the  elasticity  of  the 
thoracic  walls  and  lung-parenchyma,  is  difficult,  and  attended 
with  muscular  effort  from  the  beginning  of  the  act  till  the  end, 
and  the  act  as  a  whole  is  prolonged.  Inspiration,  on  the  other 
hand,  is  no  longer  attended  with  the  muscular  effort  which  is 
associated  with  it  in  health:  the  thorax  is  naturally  in  the 
position  of  inspiration,  and  springs  quickly  back  to  that  cou- 
dition  when  the  action  of  the  expiratory  muscles  ceases.  From 
these  facts,  it  is  plain  that  corresponding  changes  must  occur  in 
the  respiratory  murmur  heard  over  the  trachea.  The  expiratory 
portion  of  the  sound  is  greatly  prolonged,  while  the  inspiratory 
is  much  shorter  than  in  health.  Now,  this  being  the  condition 
of  the  respiratory  murmur  over  the  trachea,  it  follows  that  a 
similar  condition  will  obtain  over  the  thoracic  parietes.  This 
is  what  is  found  to  be  true.  The  inspiratory  portion  of  the 
murmur  is  shortened,  while  the  expiratory  portion  is  prolonged. 

As  regards  the  intensity  of  the  respiratory  murmur  in  emphy- 
sema, as  a  whole  it  is  greatly  diminished,  this  being  due,  as  was 
pointed  out  on  page  225,  to  the  diminution  of  tension  which 
occurs  in  the  lungs  in  that  disease.    Emphysema  offers  another 
support  to  the  view  that  the  normal  respiratory  murmur  really 
takes  place  at  the  larynx,  and  is  conducted  to  the  thorax  by  the 
lungs.    Supposing  that  the  normal  inspiratory  murmur  occurs 
in  the  infundibula,  and  that  in  emphysema  this  sound  is  greatly 
diminished  because  the  conditions  for  its  production  are  un- 
favourable, the  cause  of  the  greatly  diminished  vocal  resonance 
and  fremitus  still  remains  quite  unexplained,  as  the  voice  ia 
certeulnly  not  produced  in  the  infundibula.     On  the  other  hand, 
if  the  normal  respiratory  murmur  be  generated  at  the  larynx, 
there  is  no  need  to  seek  further  for  a  cause  to  account  for  its 
diminution  in  emphysema.    The  loss  of  tension  fully  accounts 
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both  for  the  great  diminution  of  vocal  resonance  and  fremitus, 
and  also  for  the  diminution  in  intensity  of  the  inspiratory 
murmur. 

Summary. 

The  results  of  experiment  and  observation  in  this  paper  may 
be  summarised  as  follows : — 

IntensUy  of  vocal  resonance,  vocal  fremittLSy  and  the  breath' 
sounds. 

The  intensity  of  the  sounds  taken,  without  regard  to  differences 
in  quality,  depends  chiefly  upon  the  tension  which  exists  in  the 
structures  of  the  organs  of  respiration.  With  increased  tension, 
there  will  always  be  increased  intensity  of  the  auscultatory 
sigDS,  though  there  may  be  no  alteration  in  quality.  Thus 
in  childhood,  or  in  an  organ  which,  though  healthy,  is  suddenly 
called  upon  to  do  compensatory  work,  the  respiratory  murmur 
is  louder  than  in  the  healthy  adult. 

In  individuals  the  loudness  of  the  vocal  resonance  and  re- 
spiratory murmur  may  vary  within  wide  limits,  even  in  health, 
because  the  tension  in  the  structures  varies  in  the  same  pro- 
portion. In  those  who  are  passing  into  the  later  registers  of 
life,  the  auscultatory  signs  are  apt  to  become  diminished  in 
intensity,  because  the  tension  in  the  respiratory  organs  is  liable 
to  become  diminished  with  age. 

In  emphysema  the  auscultatory  signs  are  diminished  in  loud- 
ness for  the  same  reason — diminution  of  tension.  In  this  case 
the  expiratory  portion  of  the  respiratory  murmur  is  prolonged, 
but  this  is  because  it  is  prolonged  at  its  point  of  origin,  not 
because  the  sound  is  better  conducted. 

In  collapse  of  the  lung,  whether  due  to  pneumothorax,  pleuritic 
effusion  or  pus,  the  growth  of  a  tumour  or  by  obstruction  of  a 
bronchus,  the  auscultatory  signs  are  diminished  in  intensity, 
because  of  the  relaxation  of  the  structures.  If,  however,  adhe- 
sions keep  the  organ  tense,  the  signs  are  not  diminished  in 
intensity,  and  may  even  be  increased. 

In  pneumonia  and  phthisis  the  auscultatory  signs  are  seldom 
diminished  in  intensity,  because  there  is  rarely  diminution  in  the 
tension  of  the  bronchi,  bronchioles,  and  alveoli.  The  tension, 
indeed,  is  increased,  and  is  associated  with  increased  density  and 
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homogejxeousness ;  hence  the  signs  under  consideration  are  in- 
creased in  intensity. 

In  some  cases  of  pneumonia,  however,  hoth  the  breath-sounds 
and  the  vocal  resonance  and  fremitus  are  feebler  than  in  health. 
This  is  because  relaxation  has  occurred  either  in  the  parenchyma 
or  in  the  bronchi  and  bronchioles,  or  in  both. 

In  phthisis,  diminution  of  the  auscultatory  signs  is  very 
unlikely  to  occur,  because  almost  invariably  adhesions  have 
formed,  and  keep  the  tissues  tense. 

Increase  in  the  tension  of  the  structures  forming  the  respira- 
tory organs  will  not  alone  cause  an  increase  in  the  distinctness 
of  articulation,  or  at  least  not  appreciably.  This  is  shown  by 
the  fact  that,  no  matter  how  much  the  vocal  resonance  and 
respiratory  murmur  may  vary  according  to  age  or  idiosyncrasy, 
these  signs  do  not  become  altered  in  quality :  puerile  breathing 
is  never  bronchial  breathing,  and  the  normal  vocal  resonance,  no 
matter  how  intense,  is  not  bronchophony,  pectoriloquy,  or 
a^ophony. 

Quality  of  the  Auscultatory  Signs. 

The  quality  of  vocal  resonance  and  the  breath-sounds  depends 
chieHy  upon  the  amount  of  resonance  or  reverberation  which 
those  sounds  have  undergone  before  their  final  transmission  to 
the  ear.  The  more  resonance  that  occurs,  the  less  articulate  will 
the  voice  be,  and  the  less  harsh  the  breath-sounds. 

Hence  bronchophony,  however  weak,  is  always  more  articulate 
than  the  normal  thoracic  voice ;  and  pectoriloquy  (whispered), 
though  actually  weaker  than  either,  is  much  more  distinct :  this 
is  because  there  has  been  less  resonance  or  reverberation. 

iEgophony  is  peculiar  in  this  respect,  that  it  is  due  to  a  pre- 
ponderance of  the  inharmonic  partial  tones.  It  appears  almost 
certain  that  this  is  brought  about  by  the  surface  of  the  visceral 
pleura  forming  a  stretched  membrane  or  elastic  surface  in  con- 
tact with  a  fluid  medium. 

A  theory,  such  as  that  at  present  accepted,  which  attempts  to 
explain  the  occurrence  of  bronchophony  purely  by  the  increased 
sound-conducting  power  of  the  consolidated  lung,  cannot  be 
complete.  Such  a  theory  would  only  explain  an  increased 
intensity  of  the  thoracic  voice.    Bronchophony  is  more  than  this : 
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it  is  an  increase  in  the  intenaity  of  the  thoracic  voice,  and  also 
an  increase  in  its  eleamesB.  IRierefore  this  theory  is  at  least 
incomplete. 

It  appears  to  the  writer  that  increased  clearness  of  the 
thcsraeic  voice  is  dne  to  the  fact  that  those  vibrations  which 
occur  in  the  air  in  the  bronchial  tnbes  and  bronchioles  are  not 
permitted  to  reach  the  ear  because  of  the  greatly  increased 
density  of  the  organ  surrounding  them.  Now,  as  these  vibra* 
tions  have  undergone  much  reflection,  the  sound  has  become 
confused ;  but  as  they  do  not  reach  the  ear  when  the  lung  is 
consolidated,  the  thoracic  voice  does  not  appear  so  confused  and 
indefinite  as  it  does  in  health. 

On  the  other  hand,  the  vibrations  occurring  in  the  solid 
tissues  are  increased  in  intensity;  and  as  these  vibrations  have 
only  to  a  slight  degree  undergone  reflection  (in  the  trachea  and 
possibly  larger  bronchi),  the  sound  occurring  in  them  is  not  con* 
fused  to  such  a  great  extent. 

Adde7hdum — (See  page  220). 

The  fact  that  the  transverse  area  of  a  bronchus  is  less  than 
the  sum  of  the  transverse  arese  of  the  bronchi  derived  from  it,  is 
not  to  be  found  in  anatomical  works,  so  far  as  the  writer  is 
aware.  The  following  is  the  method  which  was  employed  by 
him  to  find  out  this  fact : — 

The  main  bronchus  and  larger  bronchi  immediately  derived 
from  it,  were  dissected  out  from  a  sheep's  lung  and  cut  trans- 
versely across.  The  diameter  of  all  the  tubes  singly  was  then 
noted,  and  the  result  worked  out. 

Thus  if  the  diameter  of  the  main  bronchus  be  represented  by 
a,  and  the  diameters  of  the  lesser  bronchi  be  represented  by 
b,e,d ,  then  the  transverse  area  of  the  main  bronchus 

will  be  Hy-^j  >  siid  the  area  of  each  of  the  lesser  bronchi  will  be 

n(D'  "0"  "©  • 

Adding  the  are^e  of  the  less  bronchi  together : — 

s^=n(|)%n©%n©' 
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By  this  means  the  writer  found,  in  the  case  of  the  sheep's 
bronchi  examined  by  him,  that  the  transverse  area  of  the  main 
bronchos  was  63*6174  sq.  mm.  The  united  calibre  of  the 
bronchi  derived  from  the  main  bronchus,  before  they  in  their 
turn  became  divided  up,  was  75*3994  sq.  mm.,  putting  it  at  the 
very  lowest  Thus  the  respiratory  system  in  this  respect  is 
similar  to  the  circulatory  (M'Kendrick's  Ttxt^Book  of  Phydolagy^ 
1889,  voL  ii.  p.  286). 


^\ 


NOTE  ON  THE  EEDUCING-POWEE  OF  THE  TISSUES. 

By  Dayid  Fbaseb  Habris,  M.B. 

It  is  a  fundamental  conception  in  modem  physiology  that  the 
tissues  have  an  avidity  for  oxygen, — that  internal  or  tisme- 
respiration  is  the  process  whereby  oxygen  is  abstracted  from  the 
blood. 

This  was  lately  demonstrated  to  myself  accidentally  when 
iDJecting  an  animal  for  histological  purposes  with  the  Berlin- 
blue  and  gelatine  mixture. 

The  instant  the  animal's  heart  ceased  beating,  it  was  bled 
from  the  apex  of  the  right  ventricle,  and  simultaneously  the 
Berlin-blue  injection  through  the  aorta  proceeded  with.  After 
the  body  had  cooled  and  the  organs  were  cut  open,  I  was  dis- 
appointed with  the  appearance  of  several  of  them,  liver  and 
kidneys  especially, — thinking  them  uninjected,  so  pale  did  they 
appear.  Parts  seemed  not  coloured  at  all,  others  of  the  palest 
green ;  while  in  some  of  the  large  divisions  of  the  portal  vein 
in  the  liver,  the  gelatine  mass  seemed  absolutely  colourless. 
Every  part  of  the  lung  was  of  the  deepest  blue. 

Glancing  at  the  little  bits  of  liver  and  kidney  ten  minutes 
afterwards,  I  noticed  they  were  distinctly  deeper  coloured; 
three  minutes  afterwards  the  deepening  was  undoubted;  next 
morning  (they  had  lain  overnight  in  10  per  cent,  formol),  one 
vrould  have  said  that  parts  were  now  well  injected  which  the 
day  before  were  colourless  and  apparently  filled  with  gelatine 
only. 

This  was  an  undoubted  case  of  de-oxidation  by  the  living 
tissues,  for  the  injection  had  been  made  so  rapidly  that  both 
kidney  and  liver  were  practically  *  alive,'  and  their  avidity  for 
oxygen  uncompromised.  Berlin-blue  or  Prussian-blue  (a  2  per 
cent,  solution)  is  ferric  ferrocyanide — a  Uv^  salt ;  on  de-oxida- 
tion it  was  reduced  to  a  ferrotcs  salt  of  light  green  colour ; 
further  de-oxidised  (as  in  the  liver)  it  was  bleached  to  a  colour- 
less salt,  or  the  chromogen  of  Prussian-blue. 
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On  oxidation  by  exposure  to  air  a  comparatively  slow  recovery 
of  colour  ensued. 

In  these  results  there  is  nothing  new, — they  are  only  an 
unlooked-for  variation  of  Ehrlich's  experiments  with  methylene- 
blue,  which  also  is  bleached  by  de-oxidatioa 

In  the  lungs  no  de-oxidation  occurred^  because  whatever  small 
amount  of  oxygen  the  pulmonary  tissue  needed  could  be  got 
from  the  air  in  the  aix-vesic]es  more  readily  than  from  its 
chemical  combination  in  a  salt  ol  iron« 


aEMATOPOEPHYMINURIA  AND  ITS  RELATIONS  TO 
THE  SOURCE  OF  UROBILIN.  By  David  Fraser 
Harris,  B.Sc.  (Lond).,  M.B.,  CM.,  F.RS.R,  Muirhead 
Demonstrator  of  Physiology  in  the  University  of  Glasgow, 

I  WOULD  first  of  all  like  to  allude  to  a  case  of  abnormally 
pigmented  urine,  which  I  bad  the  privilege  of  examining  through 
the  kindness  of  Professor  M'Call  Anderson,  Universitj  of 
Glasgow.^ 

It  was  one  of  those  very  rare  cases  of  *  burgundy-red '  urine 
similar  to  two  examined  by  M'Munn,  and  published  by  Ranking 
and  Pardington  {Lancet,  1890,  vol.  iL  p.  607). 

The  pigment  here  and  in  Professor  M'Call  Anderson's  case- 
one  of  dermatitis  hypetiformis  bullosa — was  not  uro-hsemato- 
porphyrin,  but  a  closely  allied  body,  believed  by  M*Munn  to  be 
less  de-oxidised  than  uro-hsematoporphyrin,  or  than  urobilin. 
M'Munn  has  not  named  it ;  and  as  it  is  awkward  to  have  to 
allude  to  it  always  by  a  periphrase,  I  suggest  that  it  be  known 
as  Meuhde-oxy-'Juernatoporphyrin. 

The  urine  in  the  case  I  examined  was  claret-coloured,  did  not 
give  the  guaiac  reaction,  did  not  contain  biliary  pigment,  nor  any 
proteid.  With  the  spectroscope  it  showed  very  distinctly  a 
four-banded  absorption  spectrum,  closely  resembling  that  of 
uro-heematoporphyrin,  with  one  band  in  the  red,  two  between 
D  and  E  lines,  and  one  band  near  the  F  line. 

Such  a  reducing  substance  as  ammonium  sulphide  had  no 
effect  whatever  on  the  pigment,  which,  had  it  been  met- 
haemoglobin — a  vastly  commoner  four-banded  pigment-^would 
have  been  reduced  through  oxy-hsemoglobin  to  haemoglobin; 
but  treatment  with  concentrated  sulphuric  acid  instantly  gave 
rise  to  a  pigment  with  the  characteristic  double-banded  absorp- 
tion spectrum  of  acid-hsematoporphyrin. 

On  careful  spectroscopic  examination  there  was  no  possibility 
of  confusing  this  rare  pigment  with  met-hsemoglobin,  as  in  the 

^  The  case  is  published  in  the  Scottish  Medical  and   Surgical  Jowmal, 
FebroATy  1897.    (Jack  and  Borland  on  a  case  of  Hematoporphjrinuria). 
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former  the  band  to  the  right  of  D  is  much  fainter  than  the 
homologous  band  of  the  latter. 

The  patient  was  a  young  Highland  fisherman  (set  25),  who 
had  suffered  for  several  years  from  an  annual  eruption  (from 
April  to  October)  of  a  vesicular  type.  Ten  to  twelve  hours 
before  the  formation  of  the  blisters  there  was  intolerable  itch- 
ing, but  he  had  no  headache  nor  malaise.  The  blood  showed  no 
diminution  in  the  number  of  corpuscles ;  the  hsemoglobin,  how- 
ever (with  Gower's  instrument),  appeared  to  be  only  60  per 
cent,  of  normal ;  spectroscopically,  it  yielded  no  bands  beyond 
the  two  of  HbOj. 

Beyond  all  doubt,  hsemoglobin,  through  its  pigmentary  element 
the  hsematin,  is  the  parent  of  the  pigments  of  the  bile,  and  the 
chief  pigment  of  the  urine  (urobilin) — (indican  and  other  allied 
pigments  being  derived  from  an  aromatic  molecule,  phenol  and 
its  substitution-compounds,  originally  resident  in  proteid  mate- 
rial metabolised  in  pancreatic  digestion).    Hsematin — an  iron- 
containing  substance — is  the  source,  on  the  one  hand,  of  bilirubin 
or  biliverdin,  iron-free  pigments ;  and  on  the  other,  of  urobilin, 
also  an  iron-free  pigment ;  but  in  what  manner,  as  to  parent- 
age, are  these    pigments    of    the  bile  and  urine  related  to 
each  other  ?    Are  they  members  of  the  same  generation,  or  is 
the  bilirubin  the  progenitor  of  urobilin  ?    The  former  supposition 
seems  to  be  more  in  accordance  with  facts,  though  certain  of 
the  text-books  will  be  found  to  dismiss  the  subject  by  uphold- 
ing an  old  view,  which,  stated  more  in  detail,  is,  that  the  bile- 
pigment  in  the  intestine  is  acted  upon  by  nascent  hydrogen 
there,  and  that  a  reduction-product  (considered  by  Maly  iden- 
tical with  hydro-bilirubin,  formed  by  the  action  of  sodium 
amalgam  on  bilirubin)  is  thereby  produced,  that  this  is  absorbed 
into   the   portal  system,    passes   through    the   liver    without 
(apparently)  undergoing  any  change  or  being  excreted  into  the 
bile,  is  sent  on  to  the  right  side  of  the  heart,  and  so,  via  the 
lungs,  into  the  arterial  stream  from  which  the  kidney  removes 
it  as  urobilin. 

Before  giving  reasons  for  adopting  the  view  that  the  bile- 
pigment  and  the  urine-pigment  are  derivatives  of  hsematin  of 
equal  remoteness  from  it,  and  are  not  derived  the  one  from  the 
other,  we  might  point  out  the  unlikely  nature  of  the  hypothetical 
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process  just  explained.  In  the  first  place,  it  is  tantamount  to 
saying  that  hydro-bilinibin  exists  in  arterial  blood — of  this  there 
is  no  evidence — ef.  p.  311,  Halliburton,  PhysMogioai  Chemistry ; 
secondly,  later  work  has  shown  that  urobilin  is  much  more 
nearly  related  to  choletelin — the  fuUy  oxidised  biliary  pigment 
— ^than  to  hydro-bilirubin,  the  least  oxidised ;  thirdly,  it  seems 
most  unlikely  that  so  constantly-present  a  body  as  Tux>bilin  should 
depend  upon  the  presence  in  the  intestine  of  '  nascent  hydrogen,' 
which  must  vary  in  amount  from  hour  to  hour,  according  to  the 
amount  of  putrefactive  decomposition;  fourthly,  it  is  purely 
conjectural  that,  whereas  bilirubin  gets  thrown  out  into  the 
biliary  secretion,  its  next  ally,  hydro-bilirubin  (granting  that  its 
absorption  by  the  portal  radicles  is  a  fact,  or  is  possible)  passes 
on  through  the  liver,  escaping  separation  from  the  blood,  and 
so  reaches  the  heart  and  arterial  circulation. 

A  greater  objection  than  any  of  these  is,  that  both  in  the 
lower  animals  and  in  the  human  being,  in  the  case  of  a  biliary 
fistula,  where  no  bilirubin  gets  into  the  intestine  at  aU,  and 
where  the  faeces  are  colourless,  the  urine  contains  urobilin  in 
undiminished  amount ;  and  in  Copeman  and  Winston's  case,  at 
times  in  increased  amount.^ 

In  the  face  of  these  considerations,  we  cannot  regard  bilirubin 
as  the  parent  of  urobilin ;  rather,  both  pigments  are  derivatives 
of  hfiematin,  of  equal  degree  of  remoteness  therefrom. 

If  a  function  is  to  be  found  for  '  reduction '  in  the  intestine, 
thefe  is  the  obvious  one  of  altering  bilirubin  or  biliverdin  to 
stercobilin,  as  Copeman  and  Winston  suggest,  p.  231 ;  but  if, 
as  Oarrod  and  Hopkins  maintain,^  the  pigments  of  bile  and  of 
faeces  are  identical,  all  we  can  say  is,  that  we  have  one  more 
member  of  the  generation — stercobilin — produced  in  the  liver 
from  the  common  ancestor,  haematin.  M'Munn,  indeed,  had 
previously  contended  that  stercobilin  was  more  closely  allied  to 
'  pathological  urobilin '  than  it  was  to  bile-pigment. 

Although  the  bile-pigment  cannot  be  regarded  as  the  source 
of  the  urinary-pigment,  it  is  highly  probable  that  the  liver  is 
the  seat  of  the  formation  from  haematin  of  the  antecedent  of 
urobilin,  which  is  not  excreted  externally  by  the  hepatic  cells 

^  Jtmrnal  of  Phytiology,  toL  z.  p.  228. 

*  Joumai  of  Physiology  f  vol.  xx.  Nos.  2  and  3. 
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into  the  bile-<»tnaliculi,  but  internally  into  the  hepatio  blood. 
This  id  an  '  internal  secretion '  for  the  liver,  if  that  of  glycogen 
be  denied  it  That  increased  metabolism  of  haemoglobin  in  the 
liver  is  at  once  followed  by  the  secretion  of  an  increased  amount 
of  urobilin  in  the  urine,  while  the  liver  has  additional  iron 
deposited  in  it,  is  well  known. 

If  haemoglobin  be  by  any  means  dissolved  out  of  the  cor- 
puscles in  the  circtdating  blood  we  have  haemoglobin  or  met- 
haemoglobin  in  the  urine, — as,  e,g.,  after  the  injection  of  foreign 
blood,  injections  of  water  into  the  blood,  in  extensive  bums, 
in  Baynaud's  disease,  after  the  injection  of  many  toxic  sub- 
stances, bile  salt,  etc.;  in  other  words,  the  blood-pigment  in 
these  cases  is  not  decomposed  into  haematin,  nor  is  haematin 
de-oxidised  in  haemoglobinaemia:  the  pigment  circulates  as  oxy- 
haemoglobin  dissolved  in  the  plasma,  and  is  excreted  as  such^ 
by  the  kidneys,— another  incidental  proof  that  in  the  blood 
itself  de-oxidations  do  not  go  on. 

In  the  liver  it  is  very  different:  its  pre-eminence  as  the 
urobilin-forming  body  is  well  brought  out  in  the  case  of 
pernicious  anaemia,  in  which, .  as  Mott,  Del^pine  and  Hunter 
have  shown,  there  is  an  abnormally  active  destruction  of  red 
discs,  with  a  correspondingly  augmented  secretion  of  urobilin, 
or  its  less  fully  oxidised  ally  *  Pathological  Urobilin '  (which  has, 
besides  the  band  at  F,  two  between  C  and  E  lines).  The 
amount  of  urobilin  present  in  normal  urine  is  not  sufficient 
to  yield  the  band  at  F,  which  appears  as  soon  as  the  urine  is 
evaporated  down  to  about  ^  its  bulk ;  if,  therefore,  one  can  see 
the  band  at  F  in  a  fresh  specimen  of  urine  unsophisticated 
chemically  (and  provided  the  urine  does  not  give  Gmelin's 
test  for  bile-pigment),  one  is  dealing  with  a  case  of  excessive 
excretion  of  the  normal  urinary  pigment;  but  if,  in  addition 
to  this  band,  the  two  between  C  and  £  are  present,  the  pig- 
ment is  '  Patholc^ical  Urobilin,'  the  more  completely  de-oxid^ed 
form  of  urobilin.  Thus,  if  the  hepatic  metabolism  be  still  normal 
in  quality,  but  only  unusually  excessive  in  degree,  we  have 
an  excessive  amount  erf  nonnal  urobilin  in  the  urine  ;  if,  how- 
ever,  the   haematin-reduction  goes   beyond  the  limit  of  the 

^  The  final  redaction  does  not  endure  eufficiently  long  to  form   reduced 
haemoglobin. 
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f onnstmi  of  vrolMli]^  we  l»ve  Iht  man  cwplrtphr  de-axiliBed 
{■gmeat  (P^Aelopal  UroUm)  afUfriiig  in  tike  urine. 

So  mneh  far  die  iiyftc;  «b  mynti  to  the  bifiuT,  ori^  of 
mobiliB.  On  Hob  view,  anUm  or  ita  duonogen  (wbicheTer, 
in  the  alwRnrft  of  pomtive  proo^  be  legeided  «b  the  uitenHl 
aeerefckm  of  the  liver)  woold  of  ■eeenity  leqmre  to  be  found 
in  the  Uood.  I  msf  aey  *t  onee  that  I  bdioTe  nrineir-pig- 
ment  la  prennt  in  Mood-ylinim,  and  theiefme  in  blood<aenim« 
although  bile-figmenft  ia  not. 

M'Mmm  long  ago  djeeoTcred*  that  afaeep'a  aerom  Yielded  a 
apectnim  with  a  band  at  F,  and  even  then  (1880)  he  remarked  it 
moat  be  due  to  "choletelin,  or  a  iwihttance  like  iL*  Bat  evm  at 
that  time  Maly,  Nenbaoer,  and  Vogel  beUaved  it  was  due  to 
urobilin;  and  aa  our  knowledge  of  all  these  sobetanoss  baa  been 
considerahly  increaaed  in  these  serenteen  yean»  we  are  by  no  means 
compelled  to  say  that  a  pigment,  choletelin,  which  is  only  known 
in  the  laboratofy,  ia  present  in  the  Uood,  when  we  hare  just  as 
much  evidence  for  believing  that  another — nrobUin  —  con- 
atantly  in  the  body,  is  the  pigment  in  the  blood.  The  objection 
that  we  see  no  band  at  F  in  normal  blood  has  no  weight  i^at- 
ever,  because  (1)  urobilin  will  be  in  all  likelihood  present  in 
blood  in  much  less  percentage  than  in  urine,  in  which  the 
urobilin  present  is  spectroscopically  invisible ;  and  (2)  because 
it  is  quite  conceivable  that  it  mi^t  exist  in  the  Uood  (partly) 
as  the  odourless  chromogen  of  the  pigment 

By  a  chromogen,  we  understand  the  precursor  of  a  pigment, 
a  colourless  body,  which  on  oxidation  vriU  yield  the  pigment,  and 
which  can  be  again  obtained  by  de-oxidising  the  pigment. 

But  there  is  evidence  that  the  kataboUsm  of  haematin  cau 
proceed  in  other  organs  or  tissues  than  the  liver.  It  xb  a 
c(»nm<Hip]aGe  of  clinical  knowledge  that  in  febrile  diseases 
the  urine  ia  'highly  coloured.'  In  recent  years,  largely  due 
to  M'Monn's  work,  it  is  known  that  this  increased  depth 
of  pigmentation  is  the  result  of  either  an  excess  of  normal 
urobilin  or  the  presence  of  '  Fathologicar  (originally  called 
'  Febrile ')  Urobilin  in  the  urine. 

Now,  in  fevers  we  have  increased  tissue-change,  a  more  than 


^  "Besearclies  into  the  Colouring  Matters  of  Human  Urine,'*  Pro,  Boy,  Soc/, 
1881,  p.  231. 
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usually  active  blood-kataboliflm  going  on,  which  is  evidenced 
not  only  by  the  elevated  temperature,  but  by  the  increased 
amount  of  urinary  pigment  appearing.  The  muscles  un- 
doubtedly are  the  seat,  in  many  fevers,  of  this  excessive 
katabolism,  part  of  the  expression  of  which  is  the  increased 
destruction  of  hsematin  owing  to  the  exaltation  of  the  normal 
tissue-avidity  for  oxygen,  with  the  subsequent  appearance 
either  of  an  excessive  amount  of  a  hcematin-derived  pigment 
(urobilin),  or,  by  reason  of  the  veiy  vigour  of  the  metabolism, 
an  unusually  de-oxidised  form  of  it, — Pathological  Urobilin. 

M'Munn,  in  his  chart  accompanying  the  paper  ''  On  the  origin 
of  Uro-hsematoporphyrin  and  of  Normal  and  Pathological  Urobilin 
in  the  organism,"^  shows  that  urobilin  must  be  regarded  as  more 
fully  oxidised  than  Pathological  Urobilin,  and  than  stercobilin  if 
its  hepatic  origin  and  identity  with  Pathological  Urobilin  be 
believed  in. 

We  have  further  evidence  that  other  tissues  than  the  hepatic 
katabolise  hsematin, — extravasations  of  blood  under  the  skin  or 
fasciae  usually  give  rise  to  an  increase  of  urobilin,  and  we  know 
that  in  these  clots  haematoidin,  an  iron-free  though  crystalline 
pigment,  is  produced.  The  chief  other  tissues  or  *  systems' 
which  could  by  any  possibihty  be  sufficiently  extensive  seats 
of  this  metabolism  are  (1)  the  muscular,  (2)  the  cutaneous,  and 
(3)  the  connective-tissue,  articular  and  skeletal 

The  blood  which  reaches  the  kidney  is  entirely  arterial,  being 
a  portion  of  the  main  aortic  stream  which  has  passed  through 
the  lungs,  having  been  collected  from  very  different  sources 
and  mixed  in  the  right  auricle.  Now,  from  si  chemical  point  of 
view,  the  blood  of  the  right  side  of  the  heart  may  be  viewed  as 
having  proceeded  from  precisely  these  two  main  sources — - 
(L)  the  liver,  (II.)  from  the  systems  (1),  (2),  and  (3),  as  above 
indicated  (to  which,  no  doubt,  the  venous  blood  of  the  head  has 
to  be  added). 

The  bloods  from  both  (I.)  and  (IL),  which  may  be  for  physio- 
logico-chemical  purposes  thought  of  as  distinct,  pass  through  the 
lungs,  where  oxidation  is  the  pre-eminent  process,  and  thereafter 
are  distributed  to  all  parts  of  the  body  where  e2e-oxidations  are 
equally  characteristic. 

*  JoumaZ  of  Physiology ^  vol.  x.  p.  71, 
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Now,  M'Mmm  made  urobilin  artificially  by  (1)  oxidising 
hsematdn  by  the  action  of  peroxide  of  hydrogen,  and  (2)  subse- 
quently briefly  de-oxidising  it  with  sodium  amalgam  {cf,  his  last* 
mentioned  paper) :  what  have  we  in  the  body  but  these  very 
two  processes,  for  whether  the  h^ematin  be  freed  of  its  iron  in 
the  liver,  or  be  so  in  the  muscles,  skin,  and  connective-tissues, 
the  pigment-antecedent  so  formed  passes  in  both  cases  to  the 
lungs,  where  it  must  be  thoroughly  oxidised,  and  then,  during 
excretion  by  the  renal  epithelium,  would  suffer  a  ^  subsequent 
brief  reduction."  It  may  be  supposed  that  the  chromogen  of 
urobilin  is  already  formed  when  the  substance  reaches  the  lungs, 
and  that  it  is  there  oxidised  (more  or  less  perfectly)  to  the  pig- 
ment, which,  in  the  kidneys,  undergoes  a  partial  de-oxidation  to 
the  chromogen.  (It  is  a  familiar  fact  that  urine  deepens  in 
colour  as  it  stands  after  being  passed:  this  may  be  due  to  a 
partial  re-oxidation  of  the  chromogen.) 

We  are  now  in  a  position  to  inquire  under  what  conditions 
uro-hsematoporphyrin  supplants  urobilin,  wholly  or  partially,  as 
the  urinary  pigment. 

Haematoporphyrin,  as  we  know  it  in  the  laboratory,  is  either 
an  acid  or  alkaline  solution  of  iron-free  haematin.  Acid-hsemato- 
porphyrin  can  be  rapidly  made  by  adding  a  very  little  defibrin- 
ated  blood  to  an  excess  of  strong  sulphuric  acid.  This  gives  the 
two-banded  spectrum — one  thin  band  to  the  left  of  D,  and  one 
much  broader,  darker  band  to  the  right  of  D,  there  being 
intermediate  a  narrow  zone  of  obscured  yeUow  light.  There  is 
no  band  at  R 

This  pigment  can  be  precipitated  by  the  addition  of  water, 
and  then  dissolved  in  ammonia,  giving  alkali-hsematoporphyrin 
with  a  four-banded  spectrum. 

Uro-haematoporphyrin,  as  found  in  urine,  has  a  four-banded 
spectrum  closely  resembling  the  last  mentioned,  but  with  this 
important  difference,  that  the  left  of  the  two  bands  between 
D  and  E  is  much  fainter  in  the  former  pigment ;  but  M'Munn 
has  managed  to  manufacture  in  the  laboratory  a  pigment  from 
haematin  which  yields  by  successive  reductions  haematoporphyrin 
(acid  or  alkali)  and  uro-haematoporphyrin.  When  his  chief  paper 
on  haematoporphyrin  was  published  he  had  not  met  with  his 
cases  of  meio-de-oxy-haematoporphyrin,  but  he  has  since  assigned 
VOL.  xxxi.  (n.s.  vol.  XI.)  2  c 
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a  place  to  it  by  regarding  it  as  less  deK)xidised  than  uro-hsemato- 
porphyrin :  the  series  of  bodies  in  descending  scale  of  possession 
of  oxygen  would  therefore  be — ^hflematio,  hsematoporphyrin, 
meio-de-oxy-haematoporphyrin,  uro-hsematoporphyrin,  Patholo- 
gical Urobilin. 

[M'Munn  actually  made  uro-h»matoporphyrin  by  reducing 
h8Bmatin  with  zinc  and  sulphuric  acid,  and  further  reduction 
yielded  a  pigment  identical  with  Pathological  Urobilin ;  but  he 
failed  to  produce  it  from  bilirubia] 

If  one  makes  a  survey  of  the  diseases  in  which  uro-h»mato- 
porphyrin  has  been  recognised,  it  is  noticed  that  they  all  present 
lesions  of  one  or  other  of  the  systems  (1),  (2),  or  (3),  as  given  above. 

Thus,  those  involving  the  muscular  system  or  connective 
tissue,  or  most  probably  both  at  once,  are  acute  rheumatism, 
pericarditis,  meningitis,  peritonitis,  and  cirrhosis  of  liver. 

Three  are  the  acutely  febrile,  croupous  pneumonia,  typhoid, 
and  measles, — the  last  two  with  cutaneous  involvement;  also 
Addison's  disease  and  Hodgkin's  disease, — ^both  disorders  of 
pigmentary  metabolism,  and  involving  a  cutaneous  factor. 
[Haematoporphyrinuria  has  also  been  described  by  Oswald  ^  in 
sulphonal  over-dosing  in  the  insane,  and  Stokvis  produced  it  by 
feeding  rabbits  with  sulphonal.^]  Lastly,  of  three  cases  of  meio- 
de-ozy-hsematoporphyrin,  two  of  them  are  obscure,  being  in 
neurotic  women,  but  one  was  a  case  of  profound  cutaneous 
lesion  (Professor  M'Call  Anderson's). 

Briefly,  then,  we  may  say,  that  in  health  pigmentary  meta- 
bolism in  the  three  great  systems  already  alluded  to  forms  from 
hsematin  the  urobilin-chromogen,  that  this  on  traversing  the 
lungs  is  oxidised  to  urobilin,  which  on  traversing  the  kidneys  is 
partly  de-oxidised  to  the  chromogen,  partly  excreted  as  urobilin. 
It  is  probable  that  even  in  health  a  certain  quantity  of  "  Patho- 
logical Urobilin  "  is  formed  by  these  three  systems,  but  is  partly 
de-oxidised  to  its  chromogen  at  renal  elimination.  M'Munn 
has,  however,  seen  'Pathological  Urobilin'  in  stale  namuU 
urine.  That  on  being  passed  the  bands  of  Pathological  Urobilin 
are  not  seen,  is  perfectly  explicable  on  the  supposition  that  it  is, 
like  urobilin,  present  in  too  small  quantity  to  give  a  spectrum, 

^  Glasgow  Medical  Journal,  January  1895. 
>  CentralblaUfUr  physiol.,  25th  July  1886. 
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and  that  much  of  it  exists  as  the  chromogen.  It  is  perhaps 
time  to  re-name  the  pigment  by  a  term  connoting  nothing 
pathological, — pararV/rohUin  might  sufl&ce. 

If,  however,  metabolism  in  these  systems  is  excessive,  as  in 
certain  febrile  disorders,  in  which  the  chemical  changes  are 
carried  to  an  abnormal  extent,  we  have  either  an  exaggeration 
of  the  normal  formation  of  the  nrobilin-chromogen,  giving  rise 
to  an  excessive  quarvtity  of  normal  urobilin  to  be  eliminated  by 
the  kidneys,  or,  by  the  initial  reduction  of  hsematin  being  carried 
bey'ond  the  normal  limit,  the  chromogen  of  a  more  de-oxidised 
pigment  than  urobilin  produced,  viz..  Pathological  Urobilin, 
which  supplants  the  ordinary  pigment  in  the  urine.  Lastly,  if 
the  metabolic  changes  in  these  three  great  systems  become 
*  depraved,'  altered,  or  abnormal  in  some  way  as  yet  not  fully 
understood,  we  have  the  initial  haematin-reduction  process 
arrested  at  some  intermediate  stage,  so  that  there  are  formed 
reduction-products  of  haematin  less  de-oxidised  than  urobilin  or 
pathological  urobDin,  and  these  appear  in  the  urine  in  order 
of  nearness  to  haematin,  meio-de-oxy-haematoporphyrin  in  very 
rare  cases,  and  less  rarely  uro-haematoporphyrin. 
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A  CASE  OF  POLYPUS  OF  THE  PYLORUS,  WITH  IN- 
TUSSUSCEPTION. By  Petbr  Thompson,  M.B.,  Ch.B., 
Senior  Demonstrator  of  Anatomy  in  The  Owens  College^ 
Manchester. 

The  specimen  now  described  and  illustrated  by  the  accompany- 
ing figure^  was  found  in  a  female  subject,  aged  75  years,  in  the 
dissecting-room  of  The  Owens  College,  Manchester.  It  is  of 
special,  and  indeed  almost  unique  interest,  because  of  its 
rarity.  So  far  as  I  have  been  able  to  ascertain,  no  precisely 
similar  case  has  hitherto  been  recorded,  though  one  described 
by  Breschet^  in  1816  resembles  it  in  many  particulars.  In 
Breschet's  case  there  was  a  polypus  growing  from  the  gastric 
mucous  membrane,  which  passed  through  the  pyloric  orifice 
into  the  duodenum.  There  was  not,  however,  the  concurrent 
intussusception  which  forms  so  striking  a  feature  in  my 
specimen. 

Description  of  the  Specimen. 

On  opening  the  abdominal  cavity  a  large  ovoid  mass  was 
discovered,  occupying  the  interior  of  the  second  part  of  the 
duodenum.  It  was  freely  movable  inside  the  gut,  and  was 
apparently  quite  separate  from  the  stomach.  The  latter  was 
somewhat  distended,  though  not  markedly  so,  and  its  walls 
were  much  thinned.  There  was  an  obvious  thickening  in  the 
region  of  the  pylorus,  and  both  it  and  the  first  part  of  the 
duodenum  were  distinctly  invaginated.  After  the  parts  had 
been  opened  up,  it  was  seen  that  the  mass  referred  to  was 
the  enlarged  bulbous  end  of  a  polypoid  growth,  projecting 
from  the  inferior  margin  of  the  pyloric  ring.  Its  basal 
attachment  extended  for  a  distance  of  about  two  inches  along 
the  duodenum,  and  formed  a  somewhat  conical  expansion,  which 
dwindled  down  to  a  slender,  rounded,  and  twisted  pedicle. 
To  its  lower  end  was  attached  the  globular  polypus,  which 

^  From  a  photograph,  for  which  I  am  indebted  to  Dr  N.  H,  Aloock. 
»  G.  Breschet,  Fac,  de  M6d,  de  Paris,  1816-1817,  p.  376. 
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hung  qoite  freely  in  the  lumen  of  the  intestine.  It  was  of 
firm  conaistence  and  about  the  size  of  a  walnut,  with  a  dia- 
meter  of  three  quarters  to  one  inch.  The  fundus  was  deeply 
retracted,  forming  a  pit-like  depression,  the  margins  of  which 
were  notched.  The  surface  generally  was  quite  smooth,  and 
showed  no  ulceration.  An  examination  of  the  intussusception 
proved  that  the  pylorus  and  the  first  part  of  the  duodeniun 
had  passed  into  the  second  part  of  the  duodenum,  and  formed 
a  prtHninent  mass,  to  which  the  pedicle  of  the  tumour  was 


S,  Btomach,  opened  at  pjloric  end,  ahowing  basal  attachment  of 
tmnonr ;  D,  duodenum,  laid  open,  showing  poljpoid  gronth 
tn  ^u  ;  P,  pancreas. 

attached.  The  advancing  point  ot  the  intassusception  was 
the  circular  fold  of  the  pyloms,  and  its  muscular  fibres  were 
clearly  seen  in  section.  A  few  small  vessels — branches  of  the 
superior  pancreatico-duodeual  artery — were  included  between 
the  opposed  peritoneal  surfaces,  but  there  were  few  or  no 
adhesions.  The  intussusception  was  apparently  a  recent  com- 
plication, since  reduction  readily  occurred  after  the  parte  had 
been  dissected.  The  longitudinal  folds  ot  the  mucous  mem- 
brane in  the  pyloric  part  of  the  stomach  were  much  accentuated, 
and  the  pyloric  orifice  correspondingly  encroached  upon.    Tlie 
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pyloric  ring  was  dissected  out ;  instead  of  exhibiting  its  usual 
arrangement,  it  had  assumed  a  viery  oblique  position,  the  lower 
end  having  been  draped  downwards  by  the  growing  tumomr. 

Microscopic  JEaumincUion. 

The  expanded  base  of  the  pedicle  consisted  of  both  gastric 
and  duodenal  mucous  membrane,  much  hypertrophied,  which, 
though  more  or  less  fused,  occupied  definite  positions  in  the 
structure,  the  former  being  on  its  upper  and  the  latter  on  its 
lower  surface.  The  peripheral  parts  of  the  tumour  itself  showed 
sections  of  gland  tubes,  the  epithelium  of  which  had  imdergone 
considerable  degenerative  and  post-mortem  changes.  Deeper, 
the  gland  structures  were  much  increased  in  number,  whilst 
the  central  parts  consisted  of  an  irregular  arrangement  of 
muscular  and  connective  tissue.  There  was  extensive  cell- 
infiltration  throughout  the  section,  and  at  one  part  both  villi 
and.  ducts  of  pyloric  glands  were  observed.  Although  there 
was  evidence  of  proliferation  of  gland  elements,  the  main 
portion  of  the  tumour  was  composed  of  fibro-cellular  tissue. 
The  polypus  may  therefore  be  regarded  as  having  originated 
at  the  pylorus,  and  as  being  fibro-adenomatous  in  nature. 

liemarks. 

Although  the  tumour  was  evidently  of  old  formation,  it  is 
interesting  to  note  that  it  apparently  gave  rise  to  no  symptoms, 
and  this  is  the  more  remarkable  since  it  seemed  to  occupy  the 
greater  part  of  the  lumen  of  the  gut.  Indeed,  at  one  point  it 
led  to  protrusion  of  the  wall  of  the  duodenum,  and  to  the 
formation  of  a  distinct  pouchy  apparently  the  result  of  mechani- 
cal distension.  This  was  situated  just  below  the  head  of  the 
pancreas,  and  a  short  distance  from  the  biliary  papilla.  It 
appears  to  be  an  example  of  the  simple  or  non-inflammatory 
form  of  pouch  of  the  duodenum  described  by  Drs  Perry  and 
Shaw.^  In  this  case  a  definite  cause  existed  which  would 
explain  the  occurrence  of  spasmodic   contractions   necessary 

1  Guy's  SbspUal  Reports,  Tcd.  t.,  1898.  ''On  Diseaies  of  the  Dnodemun."  By 
£.  G.  Perry,  M.D.,  and  L.  E.  S&sw,  M.D. 
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for  its  production.  Furliiery  the  basal  attachment  encroached 
upon  the  pyloric  opening,  and  the  gastric  portion  of  the  pedicle 
could  be  traced  through  it  continuous  with  the  gastric  mucosa. 
That  there  was  not  complete  obstruction  was  proved  by  the 
fairly  free  passage  of  fluid  from  the  stomach  through  the  pylorus 
and  past  the  growth. 

The  subject  was  somewhat  emaciated,  but  the  organs  generally 
were  healthy.  The  cause  of  death  was  certified  as  "senile 
decay."  I  was  able  to  ascertain  that  for  some  months  before 
death  there  had  been  no  gastric  disturbance,  and  no  symptoms 
to  lead  one  to  suspect  the  presence  of  the  growth.  Dr  Moore  ^ 
has  also  recorded  a  case  of  polypus  of  the  stomach  in  which 
no  symptoms  of  the  disease  were  present  during  life.  In  his 
report  he  says, — '*  The  polypus  was  from  a  man  aged  68  years, 
who  died  of  bronchitis,  and  it  had  given  rise  to  no  symptoms 
daring  life.  S<Mne  specimens  of  polypi  of  the  small  intestine 
have  been  shown  to  the  Society  this  year,  but  polypi  of  the 
stomach  are  less  frequent.  There  are  three  specimens  of  the 
kind  in  the  Museum  of  St  Bartholomew's,  but  the  infrequency 
of  the  growth  is  shown  by  the  fact  that  the  present  specimen  is 
only  the  second  which  has  been  observed  in  the  last  three  thou- 
sand post-mortem  examinations." 

Other  cases  are  recorded,  however,  in  which  the  signs  of 
intestinal  obstruction  were  present.  In  the  one  described  by 
Breachet^  the  polypus  was  attached  to  the  small  curvature  of 
the  stomach,  three  inches  from  the  cardiac  orifice.  It  passed 
into  the  duodenum,  and  was  slightly  constricted  by  the  pylorus. 
The  symptoms  were  those  of  chronic  obstruction. 

In  1827  Webster*  described  a  case  of  bony  tumour  obstruct- 
ing the  pylorus,  terminating  fatally  from  intestinal  obstruction. 

Afait  from  the  clinical  features,  however,  this  case  is  interest- 
ing in  relation  to  the  etiology  of  intussusception.  An  illustra- 
tion of  invagination  due  to  a  polypus  so  high  up  in  the  alimen- 
tary tract  does  not  seem  to  have  been  previously  recorded.  Dr 
Hale  White*  has  pointed  out  the  rarity  of  intussusception  in 

1  Trcmsaetions  of  the  Pathological  Society ,  vol.  34,  1888,  p.  106. 
'  Loc,  cit. 

*  The  London  Medical  and  Physical  Journal^  1827,  p.  438. 
^  Transactions  of  the  Pathological  Society,  vol.  41,  1890,  p.  121. 
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the  adult,  and  its  greater  rarity  in  the  upper  part  of  the 
alimentary  canal,  and  also  the  fact  that  it  is  rarely  due  to  a 
polypus. 

Further,  in  the  Gwifs  Hospital  Reports  it  is  noteworthy  that 
in  17,652  autopsies  only  four  cases  of  innocent  duodenal  tumour 
were  met  with,  and  in  none  of  them  was  there  intussusception. 

It  is,  however,  not  unusual  to  meet  with  intussusception  in 
the  rectum  due  to  polypi,  and  in  the  Pathological  Transadions 
of  London  there  are  numerous  records  of  this  condition,  even  as 
high  as  the  jejunum.  There  seems,  therefore,  no  reason  why 
polypoid  growths  should  not  prove  determining  factors  in  the 
production  of  intussusception  still  higher  up  than  the  jejunum, 
and  the  case  now  recorded  affords  an  excellent  example  of  this 
occurrence. 

The  probable  sequence  of  events  during  the  growth  of  the 
tumour  was  as  follows: — Springing  from  the  mucous  membrane 
of  the  pylorus  and  adjacent  part  of  the  duodenum,  the  new 
formation  would  project  downwards,  and  tend  to  drag  on  the 
gastric  mucosa.  This  would  excite  increased  peristaltic  action 
of  the  stomach  and  duodenum,  which  would  be  more  or  less 
continually  exerted  in  striving  to  force  the  tumour  onward& 
Food  passing  over  it  would  act  in  a  similar  manner.  The 
mucous  membrane  in  the  vicinity  of  the  attachment  of  the 
pedicle  would  accordingly  hypertrophy,  and  be  dragged  onwards 
into  the  duodenum.  As  regards  the  production  of  the  intussus- 
ception, it  is  probable  that  it  was  formed  during  violent  or 
irregular  peristalsis,  and  in  this  specimen  the  invagination 
commenced  at  that  portion  of  the  gut  from  which  the  polypus 
originated.  At  the  same  time  it  is  possible,  bearing  in  mind 
the  relative  diameters  of  the  two  parts,  that  the  intussuscep- 
tion may  have  supervened  as  a  result  of  simple  traction  of 
the  pedicle. 


OBSERVATIONS  ON  THE  HISTOLOGY  OF  MEDUL- 
LATED  NEEVE  FIBEES  IN  MAN  AND  RABBITS, 
DEEIVED  FEOM  A  STUDY  OF  THEIE  PATHO- 
LOGICAL ANATOMY.  By  Egbert  A.  Fleming,  M.D., 
F.RC.P.E.    (Plate  XV.) 

In  this  paper  I  purpose  discussing — 

Ist.  The  neurokeratin  network  of  medullated  nerve  fibres ; 

2nd.  The  probable  function  of  this  neurokeratin  network  in 
the  production  of  segmentation  of  myelin  in  Descending 
Degeneration,  and  its  possible  function  in  Eegeneration ;  and 

3rd.  The  existence  of  an  epithelial  membrane  interposed 
between  the  myelin  sheath  and  the  neurilemma. 

Firstly.  I  was  induced  to  examine  very  closely  the  neuro- 
keratin network  of  medullated  nerve  fibres  in  peripheral  nerves, 
because  the  results  of  using  one  method  for  both  normal  and 
degenerated  nerves  appeared  to  throw  some  light  upon  this 
much  discussed  subject.  In  the  first  place,  I  succeeded  without 
using  silver  salts  in  staining  by  hsematoxylin  the  funnels  of 
Golgi  and  Eezzonico  in  human  nerves  (see  Figures  1  and  2), 
and  they  seem  to  me  to  offer  a  very  satisfactory  explanation  of 
the  slits  of  Lantermann.  In  many  of  my  specimens  so  stained, 
the  spiral  thread  can  be  distinctly  made  out  constituting  the 
funneL 

But  before  entering  upon  the  more  original  observations 
contained  in  this  paper,  it  seems  very  desirable  to  give  a  brief 
resum^  of  our  knowledge  of  this  neurokeratin  network.  The 
medullary  sheath  consists  of  a  substance  called  myelin,  supported 
by  a  network  of  some  sort.  Myelin  is  a  mixture  of  lecithin, 
neurin,  cholesterin,  and  other  substances  in  smaller  amount 
which  readily  absorbs  water,  and  swells  up  when  exposed  to  the 
action  of  water,  alcohol  and  many  other  reagents  giving  the 
nerve  fibre  an  irregular  outline,  the  myelin  within  forming 
irregular  oval  segments.  When  broken  up  into  droplets,  either 
within  the  sheath  of  Schwann  or  when  expressed  from  the 
sheath,  each  droplet  has  a  typical  optical  property,  namely,  a 
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double  contour,  which  in  reality  depends  on  the  manner  in 
which  myelin  refracts  light  The  myelin  is  supported  by  a 
framework ;  and  the  nature  of  part,  at  least,  of  this  has  been  most 
conclusively  proved  by  Bezzonico  and  GoIgL  They  consider  it 
to  be  a  chain  of  funnels,  practically  enclosing  the  axis  cylinder 
in  a  sort  of  canaL  This  canal  is  an  interrupted  one  in  the 
peripheral  nerves,  but  is  more  continuous  in  the  medullated 
fibres  of  the  cord  and  brain.  The  existence  of  these  funnels  can 
be  demonstrated  by  other  methods  than  the  silver  one ;  and  I 
believe  the  distortion  of  the  spiral  threads  constituting  the 
funnels,  accounts  for  much  of  the  network-like  appearance 
described  by  many  writers. 

Ewald  and  Kiihne,^  in  1876,  prove  by  means  of  gastric  and  tryptic 
digestive  fluids,  and  by  dissolving  out  myelin  by  means  of  ether  and 
alcohol,  the  existelice  of  a  horn-like  substance.  Ewald  and  Kiihne 
believe  that  there  are  two  keratin  sheaths,  one  closely  applied  to  the 
axis  cylinder,  and  the  other  between  the  myelin  and  the  sheath  of 
Schwann,  probably  due  to  a  reflection  of  one  and  the  same  sheath  at 
the  node  of  Banvier,  and  that  there  exists  a  cement  substance  uniting 
the  two  sheaths  together. 

Tizzoni  ^  believes  that  there  is  but  one  network  closely  investing 
the  axis  cylinders,  which  he  thinks  is  in  connection  with  the  slits  of 
Lantermann. 

Bumpf,  Th.,'  agrees  with  Ewald  and  Kiihne.  He  thinks  there 
are  two  sheaths,  with  myelin  between,  narrowed,  but  not  interrupted 
at  the  nodes  of  Banvier ;  that  there  is  an  albuminoid  substance  in 
these  sheaths  which  can  be  digested  with  trypsin,  leaving  behind  a 
neurokeratin  substance ;  and  a  cement  substance,  which  latter  may  be 
responsible  for  the  slits  of  Lantermann. 

Koch^  denies  an  outer  sheath.  He  finds  evidence  of  a  strong 
cement  substance  between  the  medullary  segments. 

Chittenden,  Gedoelst,  Schiefferdecker,  Paludino,  Joseph,  and  Leydig 
all  hold  that  there  is  a  network  supporting  the  myelin ;  whereas,  on 
the  other  hand,  an  array  of  writers — ^Pertik,  Engelmann,  Gerlach, 
Hesse,  Waldstein  and  Weber,  Lawdowsky,  Kolliker,  Boveri,  von 
Biii^ner,  and  Stroebe — consider  that  either  the  network  is  an  artificial 

^  Ewald,  A.,  find  Kiihne.  "  Die  Verdauung  als  histologiflche  Metbode.  Ueber 
€inen  neuen  Bestandtheil  dee  KeryensystemB."  Ferhandl,  des  NaiurhisU  mecL 
Fereit  zu  Heidelberg,  Bd.  1,  1876. 

'  Tizzoni.  "Sulla  patalogia  del  teasuto  nervoiio-osseryazione  ed  eBperimenti 
3ulla  ifltologia  normale  e  patologica  della  fibia  nervosa."  Archiv,  per  le  Se  Med., 
vol.  iiL,  fasc  1,  1878. 

^  Bumpf.  "Zar  Hist,  der  Nervenfaser  and  des  Axencylinders."  Sonder 
abdr.  aos  den  Untersuehunffen  dee  Physiol.  Ineiit.  der  Uhiversilat.,  Heidelbei^, 
Bd.  2,  H.  2,  1878. 

*  Koch.  **ZvLT  Kenntniss  der  Markbaltigen  Nervenfaaer."  TagebL  der  61 
Ver$,  deuteehen  Noiwrf.  v/nd  Aertu  in  Kassel,  1878,  S.  262. 
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product  of  alcohol  and  ether,  and  does  not  exist  in  a  normal  nerve 
fibre,  or  else  that  it  may  be  a  post-mortem  change. 

On  the  other  hand,  Banvier,  Gad,  and  Heymans  believe  that  their 
is  an  albuminous  substance  in  the  medullary  sheath,  and  that  the 
network  merely  means  an  artificial  separation  and  deposit  of  this 
substance,  due  to  the  chenucal  agent  employed. 

Von  StilHng,  Eoudanowski,  Lantermann,  and  McCarthy  believe 
that  there  is  a  system  of  hollow  canals  in  the  white  substance  of 
Schwann,  and  that  the  canals  are  connected  with  the  axis  cylinder. 
They  think  that  the  network-like  appearance  may  be  referable  to 
this. 

In  my  own  experience  of  Mliller  specimens,  now  extending 
over  several  years,  I  believe  that  no  better  agent  exists  for  the 
preservation  of  nerve  fibres  than  certain  solutions  of  chromic 
salts ;  and  that  if  the  specimens  are  properly  hardened  in  one  of 
these  solutions,  and  then  in  carefully  graduated  methylated 
spirit,  much  of  the  network  so  frequently  described  is  conspicuous 
by  its  absence. 

The  method  I  preferred  for  fixing  and  hardening  peripheral  nerves 
was  Miiller's  fluid,  prepared  in  the  follovdng  way  : — 

Potassium  Bichromate,     ....         2  parts. 

Sodium  Sulphate, 1  part. 

Distilled  Water, lOQ  parts. 

This  solution  was  changed  daily  for  a  week,  then  weekly  for  six 
weeks,  and  at  the  end  of  the  third  week  I  generally  increased  the 
amount  of  bichromate  to  three  parts  in  place  of  two.  After  six 
weeks,  the  longer  the  nerves  could  be  left  in  Miiller's  fluid  the  better 
— ^up  to  a  period  of  at  least  six  months.  The  specunens  were  then 
changed,  generally  without  washing  in  water,  into  60  per  cent, 
methylated  spirit,  and  the  spirit  renewed  as  often  as  it  became 
coloured.  A  week  later  they  were  placed  in  80  per  cent,  and  so  on 
through  90  per  cent  and  95  per  cent.,  till  they  were  in  ordinary  full 
strength  methylated  spirit.  I  found  it  of  the  utmost  importance  to  keep 
the  specimens  in  the  dark ;  and  even  when  saturating  in  naphtha  upon 
the  stove  for  paraffin  imbedding,  they  were  shielded  from  the  light 
light  appeared  greatly  to  increase  the  tendency  to  precipitate  in  the 
medullary  sheath,  both  upon  the  neurokeratin  network  and  irregularly 
throughout  the  myelin. 

If,  however,  the  specimens  are  not  properly  hardened  when 
transferred  to  methylated  spirit,  whether  it  be  to  50  per  cent 
or  to  full  strength,  the  network  in  the  myelin  becomes  very 
evident ;  and  one  other  fact  is  of  interest,  namely,  that  even  in 
fairly  well  hardened  specimens  the  network  becomes  very  much 
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better  marked  where  degenerative  changes  are  present.  This 
appears  to  point  to  the  possibility  of  an  artificial  addition  at 
least  to  the  network. 

An  early  stage  of  degeneration  of  the  myelin  frequently 
demonstrates  its  existence  by  a  slightly  granular  appearance  of 
the  medullary  sheath,  and  this,  too,  may  be  simulated  by  a 
deficient  fixing  process  with  chromic  salts.  The  network  and 
the  granular  precipitate  just  referred  to  stain  deeply  with 
aniline  dyes.  In  some  of  my  experimental  specimens,  which 
were  finished  too  late  for  satisfactory  fixation  and  hardening  in 
Miiller's  fluid,  the  granular  appearance  in  the  myelin  shows 
very  distinctly,  the  granules  grouped  round  the  axis  cylinder 
being  generally  best  marked  between  the  nodes  of  Banvier,  and 
looking  as  if  the  axis  cylinder  had  burst,  and  the  granular 
exuded  material  had  taken  on  the  aniline  stain  as  deeply  as  the 
axis  cylinder  itself.  In  a  hurriedly  fixed  Miiller  specimen  of 
a  perfectly  normal  nerve,  this  accumulation  of  deeply  stained 
granules  round  the  axis  cylinder  is  very  marked,  but  it  is  not 
entirely  absent  in  a  nerve  well  fixed  and  hardened  in  MuUer  s 
fluid  and  alcohol.  This  appearance  has  been  referred  to  by 
Stroebe  as  the  cyanophile  granules  of  the  medullary  sheath, 
which  tend  to  take  on  aniline  blue  by  his  staining  method,  and 
require  considerable  bleaching  in  potash  alcohol  before  they  can 
be  decolorised.  It  seems  probable  that  as  the  funnels  of  Golgi 
are  not  placed  very  close  together  in  the  peripheral  nerve  fibres, 
the  aggregation  of  the  cyanophile  granules  may  be  at  the  angle 
of  approximation  of  funnel  and  axis  cylinder. 

The  conclusion,  therefore,  which  I  have  arrived  at  is,  that  the 
neurokeratin  network  is  in  many  cases  due  to  the  spiral  threads 
of  Golgi's  funnels,  often  much  twisted,  and  to  a  deposit  on  them 
of  albuminoid  or  other  particles,  which  stain  very  deeply  with 
many  dyes.  It  only  seems  natural  to  suppose  that  these 
appearances  should  be  best  marked  between  the  narrower  part 
of  the  funnel  and  the  axis  cylinder;  while  the  cyanophile 
granules  may  be  derived  from  the  axis  cyb'nder,  or  as  above 
stated. 

If  Figures  1  and  2  be  examined,  the  appearances  are  well 
seen.  They  were  taken  from  the  nerves  of  a  case  of  Diabetic 
Neuritis,  fixed  and  hardened  as  described  above,  taken  through 
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imphtha.  and  [M^j^ffin^  and  stained  with  hsematosyliB.  Xbe 
fonnels  of  Ciolgi  show  by  this  method  veiy  distinctly  in  fihres 
which  have  undergone  sli^t  degeneratiYe  change, — ^whether  as 
the  result  of  a  more  marked  piecipitate  on  the  spiral  thrpads 
than  in  health,  or  not,  I  cannot  say.  A  careful  inspection  of 
the  Drawings  show  a  yeiy  well  marked  twisting  of  the  threads, 
and  what  looks  like  an  opening  out  ol  the  spirals  in  some  parta 
Hay  this  distortion  of  the  threads,  produced  artifidaUy,  and,  so 
far  as  I  can  judge,  more  readily  so  produced  where  a  degenerative 
process  is  present,  not  account  for  part  of  the  neurokeratin 
network  described  by  so  many  writers  ? 

But  there  is  another  arrangement  of  fibres  forming  a  network 
to  which  less  attention  has  been  directed    When  a  nerve  fibre 
is  examined  in  transverse  section,  the  myelin  may  be  seen 
divided  into  two  layers  in   certain  fibres,  and  the   relative 
thickness  of  these  layers  depends  on  the  part  of  a  funnel  of 
Crolgi  which  chances  to  be  in  the  section.    But,  apart  from  this 
in  fibres  which  show  no  evidence  of  a  funnel  on  transverse 
section,  delicate  strands  may  be  seen  running  between  the  axis 
cylinder,  or  the  sheath  covering  it,  and  the  neurilemma,  dividing 
up  the  myelin  in  a  radial  ivay,  much  like  the  spokes  of  a  wheel, 
only  of  more  sinuous  outline.    In  sections  showing  a  funnel, 
these  strands  run  between  the  outer  portion  of  the  funnel  and 
the    neurilemma,   but    I    cannot    distinguish    tbem    between 
the  axis  cylinder  and  the  ioner  side  of  the  funnel    These 
threads  are  seen,  but  not  well  seen,  in  normal  nerve  fibres, 
carefully  fixed  and  hardened,  but  are  very  obvious  indeed  in 
many  slightly  degenerated    fibres.      They   are  well   seen    in 
Figure  3,  in  the  two  normal  fibres  represented  in  the  lower 
right-hand  comer. 

It  is  of  special  interest  to  find  these  strands  so  faint  and 
indistinct  in  healthy  nerve  fibres  of  man,  rabbits,  and  dogs,  yet 
beconung  so  easily  recognised  in  slightly  degenerated'fibres  when 
the  specimens  are  fixed  and  imbedded  by  the  method  I  used, 
because  it  helps  to  explain  why  they  have  been  apparently 
overlooked  Are  these  threads  artificial  ?  Why  are  they  better 
marked  in  degeneration  up  to  a  certain  degree  ?  Are  these  the 
slits  of  Lantermann  ?  These  questions  are  hard  to  answer.  let 
me  next  deduce   from  pathological  specimens  the    apparent 
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existence  of  these  fine  strands,  if  strands  they  are,  in  health.  I 
would  just  remark  before  doing  so,  that  the  artificial  ra<Ual 
striation  of  myelin,  so  readily  produced  by  picric  acid,  corrosive 
sublimate,  etc.,  is  totally  different  from  the  appearance 
described  here. 

Secondly.  These  strands  or  threads  appear  to  have  an  important 
influence  on  the  mode  of  segmentation  of  myelin  (when  Muller's 
fluid  and  paraffin  imbedding  are  used)  in  degeneration ;  and  in 
r^neration  of  nerve  fibres  they  appear  also  in  certain  cases  to 
have  a  definite  function. 

Descriptions  of  this  degeneration  are  familiar,  and  they  do 
not  vary  to  any  very  great  extent ;  but  I  must  refer  to  the  main 
points  of  difference  between  the  results  of  my  own  experiments, 
and  the  views  generally  accepted,  so  far  as  they  concern  the 
subject  under  discussion. 

As  generally  stated,  then,  the  process  begins  at  the  point  of 
section  of  a  nerve  with  a  swelling  of  the  axis  cylinders,  which 
become  irregular  in  outline,  showing  bulgings  and  longitudinal 
groovings  at  different  parta.  This  change  in  the  course  of  a 
further  twenty-four  hours  becomes  widely  spread  along  the 
nerve,  but  it  is  only  weU  seen  in  portions  of  the  nerve  fibre, 
other  parts  of  the  same  fibre  being  apparently  normal.  The 
medullary  sheath  now  breaks  up,  at  first  into  ellipsoids,  with  the 
axis  cylinder  pa.86ing  through  them ;  but  after  the  second  day 
the  axis  cylinder  begins  to  break  across,  and  the  myelin 
ellipsoids  become  more  circular,  many  of  them  embracing  a 
portion  of  the  axis  cylinder  which  has  in  this  way  been  broken 
off.  These  myelin  balls  have  the  typical  dark  contour  (stained 
with  Weigert's  hsematoxylin,  or  osmic  acid)  of  myelin  droplets, 
whether  inside  or  outside  of  a  nerve  fibre.  The  myelin  balls 
undergo  still  further  division,  slits  appearing  in  their  margin, 
which  deepen  so  that  portions  of  myelin  become  divided  up  into 
smaller  and  smaller  balla  The  axis  cylinders  probably  disappear 
absolutely  in  about  six  weeks — at  least  they  cease  staining;  and 
it  \&  very  unlikely  that,  as  Korybutt-Daskiewicz  states,  the  axis 
cylinders  persist,  and  that  from  the  fragments  new  ones  can  be 
originated.  Eventually  the  whole  of  the  myelin  is  absorbed,  and 
the  nerve  fibre  shrivels  up. 

Now,  I  cannot  understand  why  myelin  should  be  always  and 
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only  described  as  bieakiiig  iqp  at  fiist  into  a  single  row  of 
ellipBoids  or  bal]&  A  glanee  at  figure  4  will  Aow  what  I 
belieTe  to  be  tiiree  stages  in  the  prooessof  myelin  segmentation : 
not  in  all  fibres,  perhaps  not  even  in  the  greater  number  of 
fibres,  bat  in  some.  In  a  badly  fixed  nerve  fibre  artificial 
shrinkage  could  possiUy  produce  the  changes  shown  in  the 
rig^t-hand  drawing,  but  not  if  well  fixed. 

The  three  drawings  eonstitutii^  Figure  4  were  taken  from 
a  rablut's  sciatic  In  the  rig^t-hand  drawing  the  myelin 
may  be  seen  in  droptets  between  the  axis  cylinder  on  the 
one  side,  and  the  primitive  dieath  or  neurilemma  on  the 
other.  These  droplets  tend  to  press  on  the  axis  cylinder  and 
give  it  a  sinuous  outline.  Is  it  possihle  that  the  Schmidt- 
Lantermann  slits  have  something  to  do  with  this  cleavage ;  or 
rather,  do  not  the  strands  I  have  just  described  help  id  the 
explanation  ?  The  myelin  droplets  may  either  run  together  or 
eventually  subdivide  BtiU  more. 

If  Yon  Biingner  and  Stroebe  are  correct  id  their  description  of 
segmentation  of  myelin  always  giving  rise  to  ellipsoids,  and  the 
axis  cylinder  breaking  up  and  eventually  becoming  enclosed  in 
these,  at  which  period  they  assume  a  more  circular  shape,  then 
how  can  all  the  drawings  in  Figure  3  be  explained  ? 

Glancing  at  this  Figure  taken  from  a  rabbit's  sciatic,  but 
which  might  have  been  taken  from  the  peripheral  part  of  many 
of  my  rabbit's  nerves,  after  section  or  ligature,  up  to  four  weeks, 
an  axis  cylinder  is  noted  in  the  distended  fibres ;  and  with  it, 
acting  apparently  as  a  kind  of  central  support,  the  outlines  of  a 
number  of  myelin  droplets  are  seen.  Where  the  axis  cylinder 
peredsts  at  all,  this  arrangement  is  observed  (drawings  1, 2,  and  3) ; 
whereas,  when  it  is  not  visible,  the  droplets  appear  to  have  no 
central  support  (drawings  4  and  5)  at  alL  The  axis  cylinder  may 
persist,  though  not  well  stained.  The  two  series  of  figures  may 
be  explained,  I  believe,  by  the  admission  that  segmentation  may 
take  place  around  the  axis  cylinder,  and  probably  largely  deter- 
mined by  the  threads  or  strands  running  from  the  axis  cyUnder 
to  the  periphery. 

Turning  again  to  Figure  4,  the  middle-drawing  shows  how  one 
large  myelin  droplet  may  push  the  axis  cylinder  to  one  side ; 
and  the  left-band  drawing  shows  a  whole  congeries  of  myelin 
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droplets,  which  might  be  the  condition  secondary  to  either  the 
ellipsoid  theory  or  the  one  I  have  just  propounded  I  have 
observed  this  cleavage  of  the  myelin  into  several  rows  of  baUs 
in  many  of  the  rabbit's  nerves,  and  in  every  one  of  my  cases  of 
Peripheral  Neuritis  in  man. 

The  reason  why  this  cleavage  of  myelin  into  several  rows  as 
an  initial  stage  of  Descending  D^eneration  is  not  fonnd 
recorded  by  von  Blingner  and  Stroebe  is,  I  believe,  because  neither 
of  them  appear  to  use  the  paraffin  method  in  the  way  described. 

Celloidin  sections  do  not  show  the  same  congeries  of  myelin 
droplets  as  paraffin  specimens  do.  In  the  earlier  stages  of 
Wallerian  Degeneration  the  celloidin  process  practically  never 
shows  this  condition ;  and  in  a  badly  fixed  specimen,  in  place  of 
seeing  a  representation  of  the  right-hand  drawing  of  Figure  4, 
the  myelin  is  merely  seen  to  be  granular.  Ether,  in  the 
celloidin  process,  has  a  powerful  effect  in  producing  segmenta- 
tion of  normal  myelin  into  large  ellipsoid-like  masses,  unless 
with  extremely  well  fixed  and  hardened  specimens;  and  there 
is  no  reason  why  degenerated  myelin  should  not  suffer  to  a 
very  much  greater  extent,  which  in  fact  it  does.  Chloroform  is 
equally  baneful  in  its  effect  on  myelin,  and  yet  many  writers 
use  it,  no  doubt  mainly  for  specimens  fixed  by  Flemming's 
solution  (the  strong  or  weak  formulae),  but  even  then  it  can  still 
act  harmf  idly.  In  many  of  my  own  specimens  cut  in  paraffin, 
the  axis  cylinder,  or  the  remains  of  it,  may  be  seen  pushed  to 
one  side  by  a  big  myelin  ball,  while  comparatively  rarely  are 
the  remains  of  the  axis  cylinder  found  in  the  interior  of  the 
balls  of  myelin ;  far  more  generally  they  are  found  taking  up  a 
position  between  them. 

There  is,  therefore,  evidence  not  merely  of  the  spirals  of  Golgi 
and  Bezzonico,  but  of  a  network  of  fibres  or  strands  running 
between  the  axis  cylinder  and  the  periphery.  These  strands 
may  be  cement  substance :  they  are  too  numerous  and  wavy  in 
outline  to  be  the  slits  of  Lantermann,  and  they  seem  very 
commonly  to  determine  the  cleavage  of  myelin  in  Descending 
Degeneration.  Of  course  I  admit  the  element  of  novelty  in  this 
theory  of  cleavage  of  myelin,  but  the  paraffin  method  could  never 
start  an  erroneous  theory  by  artificial  cleavage  of  myelin,  and  I 
have  also  amply  sufficient  evidence  of  the  cleavage  of  myelin 
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into  large  ellipsoids  as  well ;  and  I  may  add,  that  almost  all  my 
specimens  of  nerves  from  different  cases  or  experiments  showing 
degenerative  changes,  numbering  over  sixty,  were  cut  in  celloidin 
as  well  as  paraffin. 

In  Figure  6, 1  show  regeneration  of  a  nerve :  the  central  ends 
of  the  axis  cylinders  have  divided,  and  the  newly  formed  axis 
cylinders  may  be  seen  in  the  Drawing.  In  both  this  Figure 
and  Figure  3,  the  nerve  fibre  sheaths  are  greatly  distended ;  and 
here,  in  Figure  6,  the  newly  formed  axis  cylinders  may  be  seen 
threading  their  way  through  the  myelin  droplets,  formed 
probably  round  the  original  axis  cylinder  belonging  to  the 
nerve  fibre.  I  believe,  therefore,  that  inasmuch  as  these  strands 
running  from  the  axis  cylinder  to  the  periphery,  guide  in  many 
cases  the  segmentation  of  the  myelin,  they  also  help  in  forming 
supporting  structures  for  the  regenerated  axis  cylinders.  Draw- 
ing 3  was  taken  from  one  of  a  series  of  experiments  on  rabbits' 
sciatics,  in  which  Descending  Degeneration  was  brought  about 
not  by  section,  but  by  the  application  of  strong  Liquor  Ammonia 
to  the  nerve,  so  that  regeneration  could  be  much  more  easily 
studied.  I  was  indebted  for  the  suggestion  of  Liquor  Ammonia 
to  Professor  Mtink  of  Berlin. 

My  conclusions  are,  that  the  fine  strands  seen  in  the  Figures 
alluded  to  are  far  too  numerous  to  be  explained  by  the  slits  of 
Lantennann,  and  that  while  the  slits  of  Lantermann  are  more 
probably  dependent  on  the  funnels  of  Golgi  and  Kezzonico,  these 
fine  strands  are  a  supporting  structure  for  the  myelin  in  addi- 
tion to  the  funnels  of  Golgi  These  strands  are  present  in  the 
medullated  nerve  fibres  of  man,  rabbit,  and  dog,  and  probably  in 
many  others,  and  are  most  easily  observed  when,  by  artificial 
means,  aided  by  degenerative  changes  in  the  myelin,  deposits  of 
some  kind,  taking  on  various  ground  stains,  are  formed  on  them. 

Idonot  believe  themodeof  segmentation  of  myelin  just  described 
is  merely  a  later  stage  of  the  ellipsoid  formation  of  von  Biingner, 
Stroebe,  and  other&  Still,  I  ccmnot  formulate  any  definite  theory 
to  explain  imder  what  conditions  in  Descending  Degeneration 
the  cleavage  I  have  referred  to  occurs,  and  not  the  ellipsoid 
segmentation  of  most  writers.  By  the  paraffin  method  both 
forms  of  segmentation  may  be  seen ;  by  the  celloidin  method, 
after  the  granular  stage  of  Descending  Degeneration  is  past,  the 
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cleavage  into  ellipsoids  always  occurs.  My  impression  is,  that 
the  segmentation  into  large  ellipsoids  may  be  artificial,  the  result 
of  the  action  of  reagents,  and  that  the  method  of  segmentation 
I  have  described  may  be  the  rule. 

I  should  never  have  ventured  to  promulgate  my  theory  were 
it  not  that  long  use  of,  and  consequent  faith  in  the  method 
used  emboldens  me  to  do  so ;  and  I  endeavoured  as  often  as  pos- 
sible to  compare  the  respective  effects  of  chrome  salts  and  osmic 
acid,  celloidin,  and  parafl&n  on  the  same  specimens. 

Thirdly,  I  have  to  consider  the  evidence  in  favour  of  an  epi- 
thelial membrane,  probably  situated  between  the  myelin  sheath 
and  the  neurilemma. 

The  usual  theories  as  to  the  cells  which  act  as  phagocytes  for 
the  removal  of  the  myelin,  etc.,  in  a  degenerated  fibre,  are  either 
that  they  are  proliferated  segmental  cells  or  leucocytes.  There 
seems  to  be  little  evidence  of  the  entrance  of  leucocytes,  although 
the  theory  has  long  been  stated,  but  of  the  proliferation  of  seg- 
mental cells  there  is  no  question.  The  cells  described  as  acting 
as  phagocytes  are,  or  become  free  inside  the  neurilemma. 

Accepting  the  segmental  cell  proliferation  theory,  the  seg- 
mental nuclei  first  enlarge,  and  the  cell  protoplasm  also  extends 
further  round  the  fibre  in  every  direction ;  and  where  a  fibre  is 
becoming  distended  it  forms  a  sort  of  jacket,  causing  a  certain 
amount  of  constriction.  Proliferation  follows,  but  it  is  not 
always  very  rapid.  Karyokinesis  may  begin  in  these  cells  as 
early  as  the  second  day  after  nerve  section  according  to  Stroebe 
and  others,  but  I  have  specimens  which  show  a  considerably 
later  commencement  of  cell  division.  Stroebe  describes  karyo- 
kinesis as  going  on  for  fourteen  days — from  six  to  seven  days  most 
actively ;  and  he  agrees  with  Beneke  that  the  cells  so  formed 
become  free  inside  the  nerve  fibres,  and  act  as  phagocytes.  These 
cells  are  the  only  cells  described  inside  the  nerve  fibre,  with  the 
exception  that  Banvier  and  others,  as  I  have  just  mentioned, 
consider  that  leucocytes  find  their  way  into  the  interior  of  the 
fibre. 

In  a  number  of  specimens  of  rabbits'  sciatics,  within  a  short 
time  after  ligature  or  section,  I  noted  nucleated  cells,  which  I 
believe  are  different  from  the  segmental  cells.  They  do  not 
bulge  to  the  same  extent  into  the  lumen  of  the  fibre,  their 
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nuclei  are  much  smaller,  and  they  may  be  seen  (Figure  5)  to 
form  a  sort  of  pavement-like  epithelial  membrane.  This  regular 
arrangement  makes  it  difficult  to  believe  that  their  appearance 
is  explained  by  the  granular  balls  of  myelin,  capped  with 
s^mental  nuclei.  Hertz,  Tizzoni,  von  Frankl,  Korybutt- 
Daskiewicz,  Colasanti,  Beneke,  and  Hanken  describe  granular 
balls  full  of  myelin  droplets,  which  they  suggest  may  be  greatly 
distended  and  degenerated  segmental  cells,  but  no  cells  such  as  I 
have  found. 

The  appearances  in  the  rabbit's  nerves  referred  to  suggested 
to  my  mind  that  the  cells  shown  in  Figure  5  were  too  regular 
for  proliferated  segmental  cells,  their  nuclei  too  small,  and  finally^ 
as  Figure  5  clearly  shows,  segmental  nuclei  and  the  nuclei  of 
these  cells  were  seen  markedly  contrasted  in  the  same  fibre. 

I  have,  with  the  utmost  care,  revised  all  the  specimens  from 
my  experimental  work,  so  as  to  clear  up  the  nature  of  these 
cells.  When  it  is  remembered  that  in  only  seven  days  after 
ligature,  and  in  the  central  end  of  the  nerve — that  is,  above  the 
higher  of  the  two  ligatures — these  cells  were  seen,  it  must  be 
admitted  that  a  very  surprising  proliferation  of  segmental 
nuclei  and  an  equally  rapid  absorption  of  myelin  would  have  to 
occur  in  order  to  give  the  appearance  seen  in  Figure  5.  If 
karyokinesis  does  not  occur  in  the  peripheral  end  of  a  nerve 
after  section  sooner  than  the  second  day,  and  goes  on,  according 
to  Stroebe,  for  six  to  seven  days  most  actively,  the  proliferation 
would  barely  be  accounted  for,  especially  taking  into  considera- 
tion the  large  amount  of  granular  protoplasm  the  cells  possess, 
and  the  fact  that  they  appear  actually  to  fill  up  in  course  of 
time  nearly  the  whole  lumen  of  the  fibres  showing  them. 

These  cells,  more  or  less  polygonal  in  shape,  have  granular- 
looking  protoplasm  and  small,  feebly  stained  nuclei,  which  colour 
far  more  feebly  than  even  proliferated  segmental  nuclei  do.  Serial 
sections  show  that  the  cells  bulge  to  a  varying  extent  into  the 
interior  of  the  sheath,  but  in  the  nerve  from  which  Figure  5 
was  taken  they  do  not  lie  quite  free  within  the  neurilemma. 
Figure  5  shows  the  cells  seven  days  after  section  of  the  sciatic, 
and  is  taken  from  the  central  end  of  the  nerve,  close  to  the 
wound,  but  it  might  represent  the  peripheral  end  of  the  nerve 
five  or  seven  days  after  section  or  ligature.    In  many  of  my 
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experiments  I  divided  or  ligatured  the  sciatic  in  two  places,  and 
the  middle  portion  often  showed  these  cells  better  than  the  peri- 
pheral. I  have  been  able  to  identify  the  cells  three  weeks  after 
section  in  the  peripheral  end  of  the  divided  nerve,  but  beyond 
that  period  they  were  problematicaL  Where  the  fibres  have  be- 
come distended,  as  in  Figure  3,  a  condition  often  noted  near  the 
experimental  lesion,  especially  in  the  part  of  the  central  end  of  the 
nerve  close  to  and  evidently  damaged  by  the  injury,  the  smaller 
nuclei  of  these  cells  may  be  well  seen  and  easily  dififerentiated 
from  the  larger  segmental  nuclei  (compare  drawings  1  and  3). 

In  transverse  section,  the  relationship  between  these  nuclei 
and  the  neurilemma  is  obvious.  They  are  closely  applied  to  the 
inner  surface  of  the  neurilemma,  and  therefore  lie  between  the 
neurilemma  and  the  myelin  sheath. 

This  cell  membrane  does  not  stain  in  a  healthy  fibre,  is  hardly 
recognisable  in  a  degenerated  fibre  where  tibe  degeneration  has 
existed  for  some  time,  and  is  only  well  seen  in  certain  cases  where 
the  degeneration  is  sufiiciently  recent;  and  I  have  certainly 
noted  that  exudation  favoured  the  staining  and  differentiation  of 
the  cells  and  nuclei 

This  can  be  no  artificial  production ;  and  I  have  endeavoured 
to  show  by  the  Drawings  on  Plate  XV.  that  s^mental  nuclei 
cannot  be  responsible  for  the  appearance  alone,  nor  are  these 
cells  leucocytes.  To  such  an  extent  eventually  do  segmental 
nuclei  proliferate  that  it  is  difficult  to  state  what  nucleated  cells 
occupy  the  old  nerve  fibre  sheaths ;  but  if  these  cells  are  not  pro- 
liferated segmental  cells,  and  not  leucocytes,  they  must  be  the 
cells  of  a  cellular  membrane  lying  between  the  neurilemma  and 
the  myelin  sheath,  unstained  and  unrecognised  in  health,  and 
only  becoming  observable  when  altered  by  pathological  conditions. 
My  belief  is  that  they  act  as  phagocytes,  from  the  appearance  of 
the  cell  protoplasm ;  but  I  am  not  aware  of  any  analogous  change 
in  similar  cells  elsewhere,  and  the  subject  is  well  worthy  of  a 
more  prolonged  investigation  by  other  workers. 

In  conclusion,  I  should  add  that  Marinesco  has  described,  as 
early  as  1892,  in  the  nerves  of  stumps,  semilunar  protoplasmic 
cells,  either  within  or  outside  the  neurilemma  and  found  only  in 
certain  fibres,  but  they  are  not  described  as  forming  a  continuous 
membrane. 
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DESCRIPTION  OF  PLATE  XV. 

Figs.  1  and  2.  From  the  posterior  tibial  nerve  of  a  case  of  diabetic 
neuritis,  showing  the  funnels  of  Golgi  and  Bezzonico  with  the  altera^ 
tions  produced  in  them. 
,  ^  Fig.  3.  From  the  central  end  of  a  rabbit's  sciatic  thirty  days  after 

^  the  application  of   strong  liquor  ammonia,  shows  distended  nerve 

fibres  with  strands  forming  a  sort  of  network  (n.Ar.n).  Axis- 
cylinders  (a)  may  be  observed  in  drawings  1,  2,  and  3,  with  the 
myelin  droplets  arranged  round  the  axis-cylinder ;  4  and  5  show  no 
axis-cylinder.  Note  the  difference  between  the  segmental  nuclei  (s) 
and  the  epithelial  membrane  nuclei  (b,n) ;  drawing  I  shows  both. 
To  the  left-hand  side  of  drawing  5,  two  normal-sized  fibres  are  shown, 
demonstrating  the  fine  strands  running  from  axis-cylinder  (a)  to  neuri- 
lemma (p.s). 

Fig.  4.  From  a  rabbit's  sciatic  after  application  of  strong  liquor 
ammonia,  shows  various  stages  of  segmentation  of  myelin  influenced 
by  the  fine  strands  referred  to  above.  Note  the  pressure  exerted  on 
the  axis-cylinders,  and  in  the  left-hand  drawing  only  a  congeries  of 
myelin  droplets  is  left. 
f  Fig.  5.  From  the  central  end  of  a  rabbit's  sciatic  seven  days  after 

double  section.  Specimen  is  close  to  lesion ;  shows  the  epithelial 
membrane  (6.n).  Contrast  the  small  feebly  stained  nuclei  of  these 
cells  with  the  larger  segmental  nuclei  which  are  not  nearly  so  markedly 
proliferated  as  might  be  expected. 

Fig.  6.  Regeneration  of  nerve  fibres  from  a  rabbit's  sciatic  six 
weeks  after  section,  shows  greatly  distended  nerve  fibre  sheaths  (p.s) 
with  newly-formed  axis-cylinders  {r.a.c)  threading  their  way  through 
the  myelin  droplets. 

fUf  funnels  of  Golgi. 

fuXy  funnels  of  Golgi  which  have  undergone  alteration. 
a,  axis-cylinders. 
n.A^A,  neurokeratin  (?)  network  forming  periphery  of  myelin  droplets. 
8,  segmental  nuclei, 
ft.n,  epithelial  membrane  nuclei  between  membrane  and  myelin 
sheath. 
niy  myelin. 
p.8,  neurilemma. 
r,  node  of  Ranvier. 
c,  connective  tissue. 
ax,  fragment  of  axis-cylinder. 
r.a.c,  regenerated  axisrcylindera. 


ON  THE  STEUCTURE  OF  CROSS-STRIATED  MUSCLE, 
AND  A  SUGGESTION  AS  TO  THE  NATURE  OF 
ITS  CONTRACTION.  By  W.  M'Dougall.  (From  the 
Physiologwal  Zaboratories  of  St  Thomas's  Hospital  and  the 
University  of  CamJrridge.)    (Plates  XVI.-XXI.) 

There  has  grown  up  during  the  last  fifty  years  an  enormous 
literature  concerned  with  the  structure  and  physical  characters 
of  cross-striated  muscle,  and  with  the  phenomena  of  its  coutrac* 
tion,  and  many  suggestions  have  been  made  as  to  the  nature  of 
the  processes  by  which  this  contraction  is  caused.    Yet  in  regard 
to  its  structure  widely  different  views  are    held    by  recent 
observers,  while  the  very  numerous  observations  on  its  physical 
characters  remain  for  the  most  part  as  isolated,  unexplained 
facts,  and  no  suggestion  as  to  the  nature  of  contraction  can  be 
said  to  have  been  received  as  a  working  hypothesis  by  physiolo- 
gists in  generaL      In  treating  of  the  structure  of  muscle  there 
seems  to  have  been  little  or  no  attempt  made  to  define  the 
physical  characters  of  different  parts  of  the  muscle  fibres  in  the 
terms  which  we  have  learnt  to  apply  to  all  non-living  matter, 
namely,  solid,  viscous,  gaseous,  and  liquid.    But  most  authors 
have  contented  themselves  with  the  use  of  terms  which  might 
be  arranged  in  an  ascending  order  of  vagueness,  from  semi-solid 
and  protoplasmic,  through  sarcous  and  spongioplasmic,  to  the 
*  zooid '  and  *  oecoid.'    Most  of  the  suggestions  as  to  the  nature 
of  contraction  attempt  the  explanation  of  one  group  only  of  the 
physical  phenomena,  and  none  have  been  based  upon  a  know- 
ledge of  the  structure  of  muscle.     One  author  suggests  that  con- 
traction is  the  result  of  the  flowing  of  a  liquid  in  some  specified 
direction,  another  that  it  is  caused  by  the  'contraction'  of  a 
protoplasmic  network,  a  third  that  it  is  due  to  shrinkage  of 
coagulating   proteid,  a   fourth   that  it   results   from   a   mys- 
terious exchange  of  place  of  discs  of  different  composition,  and 
a  fifth  that  it  consists  in  certain  hypothetical  evolutions  of 
hypothetical  electrically-charged  particles.    No  hypothesis  that 
I  have  come  across,  with  the  exception  of  that  recently  put 
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forward  by  Engelmann,  can  be  said  even  to  attempt  to  reduce 
the  problem  to  one  of  mechanics. 

Are  we  then  to  believe  that  living  matter,  which  is  being 
every  moment  built  up  from,  and  again  broken  down  into,  non- 
living matter,  and  which  seems  in  very  many  respects  to  be 
subject  to  the  known  laws  of  physics  and  chemistry,  is  in  this 
respect  of  the  power  of  *  contraction '  an  exception  to  those 
laws,  and  therefore  incomprehensible  to  our  minds  at  the  present 
time  ?  Or  can  we  find  grounds  for  believing  that  the  parts  of 
living  muscle  are  capable  of  the  same  classification  as  non-living 
matter,  namely,  into  solid,  viscous,  and  fiuid  substances,  and  that 
contraction  and  the  definite  pull  exerted  by  a  contracting  muscle 
may  be  the  result  of  work  done  on  coherent  structures  by  the 
force  derived  from  the  chemical  energy  of  the  substance  of  the 
muscle  ? 

It  has  seemed  to  me  that  the  best  way  of  attempting  to  answer 
the  latter  question  is  to  assume  as  a  working  hypothesis  the 
truth  of  the  proposition  involved  in  it ;  and  in  investigating  the 
structure  of  muscle,  to  interpret  all  appearances  presented  by 
muscle  strictly  in  terms  of  the  hypothesis,  wherever  such  an 
interpretation  seems  possible.  If  this  can  be  consistently  done 
in  every  case,  then  we  shall  have  advanced  some  way  towards 
the  conversion  of  our  hypothesis  into  a  tenable  theory.  It  is, 
then,  from  this,  which  I  venture  to  call  a  new  standpoint,  that  I 
have  attacked  the  problem  of  the  structure  of  muscle. 

The  history  and  the  present  state  of  the  controversy  regarding  the 
structure  of  the  striated  museles  of  vertebrates  and  arthropods  have 
been  excellently  summed  up  by  Schafer  in  his  recent  article  on 
muscle  (1).^  The  history  has  been  rather  fully  given  by  Eetzius  (4) 
and  Van  Gehuchten  (3)  also.  I  feel,  therefore,  that  it  is  unnecessary 
for  me  to  give  it  agaiA  iere.  and  I  wUl  only  briefly  summariae  the  pre- 
sent  state  of  the  question.  As  Schafer  points  out,  those  who  have 
dealt  in  recent  years  with  the  structure  of  muscle  may  be  roughly 
grouped  into  two  camps.  Those  of  the  one  camp,  among  whom  are 
Ramon  y  Gajal,  Van  Gehuchten,  Melland,  and  Marshall,  regard  the 
striated  muscle  fibre  as  containing  a  contractile  reticulum  whose 
meshes  are  occupied  by  a  more  fluid  substance.  They  seem  to  be 
biased  by  a  desire  to  bring  muscle  into  line  with  what  is  known  as  the 
network  theory  of  cell-structure.     Their  chief  argument  appears  to  be 

^  A  list  of  refereoces  will  be  fooAd  on  tht  last  page^  The  figures  after  the 
names  refer  to  that  list 
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of  the  nature  of  **  Indnctio  per  enninerationem  simplicem  ^  from  few 
and  uncertain  instances,  and  it  is  noticeable  that  their  views  are 
generally  based  upon  preparations  made  by  some  one  or  two  methods 
only.  The  observations  recorded  below  will,  I  hope,  render  unneces- 
sary any  discussion  of  the  views  of  these  writers. 

The  observers  of  the  other  camp,  among  whom  are  V;  Kolliker, 
Ranvier,  Rollett^  Eutherford,  and  Schafer,  maintain  that  the  striated 
substance  of  muscle  fibres  of  arthropods  and  vertebrates  consists  of 
coherent  longitudinal  elements  (the  muscle-columns  of  KoUett) 
embedded  in,  and  more  or  less  separated  from  one  another  by  a 
granular  protoplasmic  substance  which  Bollett  has  called  the  ^sarco- 
plasm.'  So  far  the  members  of  this  group  are  in  agreement ;  but  when 
we  ask,  "  What  is  the  nature  of  the  muscle-columns  f "  we  find  the 
greatest  possible  diversity  of  opinions. 

y.  Kolliker  regards  the  colunms  as  bundles  of  very  fine  fibrillse  of 
homogeneous  nature  throughout  their  length  ("  ursprUnglich  in  ihrer 
ganzen  Lange  aus  Einer  und  derselbem  Substanz  gebildet,  an  welchen 
jedoch  im  Zusammenhange  mit  den  Zusammen-ziehungen  dichterer 
(die  dunkelen  Stellen)  und  minder  dichte  Stellen  sich  ausbilden  "). 

Berry  Haycraft  (12),  from  the  study  of  impressions  made  by  pressing 
living  and  hardened  muscle  upon  collodion,  when  it  is  beginning  to 
set,  has  come  to  a  similar  conclusion,  namely,  that  the  longitudinal 
elements  of  muscle  are  homogeneous  throughout  their  length,  and  that 
the  appearances  of  bands  and  discs  are,  even  in  stained  preparations, 
wholly  due  to  variations  in  the  diameter  of  these  elements  occurring 
regularly  along  their  length. 

Eollett  (2),  on  the  other  hand,  has  come  to  an  exactly  opposite 
opinion.  He  holds  that  the  muscle-columns  in  the  living  state  pre- 
sent no  variations  in  their  thickness,  and  that  the  appearance  of  trans- 
verse  bands  and  lines  is  due  to  regularly  repeated,  complex  systems  of 
layers  of  di£ferent  substances  which  transmit  light  differently  and 
stain  differently  with  various  reagents ;  and,  further,  that  the  appear- 
ance of  differences  in  thickness  of  the  columns  is  due  only  to  these 
layers  swelling  or  shrinking  differently  under  the  action  of  reagents. 
He  describes  the  columns  as  corresponding  to  the  areas  of  various 
shapes  which  can  usually  be  seen  to  be  mapped  out  by  lines  of  sarco- 
plasm  in  transverse  sections  of  muscle  fibres,  and  believes  that  they 
are  probably  made  up  of  fine  fibrillse  packed  together  without  any 
intervening  sarcoplasm. 

Nearly  all  authors  who  have  dealt  with  the  structure  of  striated 
muscle  have  described  as  two  widely  different  types  the  wing  muscles 
of  insects  on  the  one  hand,  and  the  ordinary  skeletal  muscles  of  verte- 
brates and  arthropods  on  the  other.  The  fibres  of  the  wing  muscles  of 
many  insects  consist,  as  is  well  known,  of  slender  cylindrical  fibrils 
embedded  in  granular  sarcoplasm  in  such  a  manner  that  each  one  is 
separated  from  its  neighbours  by  a  thickness  of  saroopiasm  about  equal 
to,  or  rather  less  than,  the  diameter  of  the  fibrils  (ef.  photo.  17). 
Schafer  (1),  in  a  recent  paper,  adopts  the  view,  which  has  been  held 
by  other  observers  also,  that  the  fibrils  are  tubules  regulariy  segmented 
by  transverse  septa,  and  he  puts  forward  the  suggestion  that  the 
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mnBcle-colnmiui  of  other  muscles,  as  described  by  BoUett,  consist  of 
some  undetermined  number  of  longitudinal  elements,  each  of  which  is 
to  be  regarded  as  strictly  analogous  to  the  cylindrical  fibril  of  the 
insect's  wing  muscle.  He  would  strictly  confine  the  term  sarcostyle  to 
the  fibril  of  the  insect's  wing  muscle,  and  to  these  hypothetical  com- 
ponents of  the  muscle-columns  of  other  kinds  of  muscle.  Other  authors 
have  interpreted  certain  longitudinal  strias  observed  on  these  wing  fibrils, 
after  the  action  of  reagents  on  them,  as  indications  that  they  are 
bundles  of  still  finer  fibrillsB,  comparable  to  those  which  KoUiker  has 
stated  to  be  the  elements  of  muscles  of  the  other  type.  Again,  other 
authors  have  r^arded  the  muscle  fibres  of  insects'  wings  as  a  tissue 
'sui  generis'  rather  than  as  a  specialised  variety  of  cross-striated 
muscle. 

Kutherford  (15)  has  described  the  skeletal  muscles  of  the  crab  as 
consisting  of  slender  fibrils,  the  contractile  elements,  embedded  in  a 
non-contractile  substance,  and  he  regards  these  fibrils  as  regularly 
segmented.  This  description  would  therefore  bring  these  muscles  into 
line  with  the  wing  muscles  of  insects,  and  would  tend  to  bridge  over 
the  gap  between  the  two  great  types  of  striated  muscle  mentioned 
above. 


Description  of  the  Appearances  presented  hy  the  Fibrils  of  the 

Wing  Musdes  of  Insects, 

SoUett  (2)  and  Schafer  (1)  have  recorded  that  the  above- 
mentioned  fibrils  of  the  v^ing  muscles  of  insects  may  be  seen  to 
contract  vrhen  isolated  in  vrhite  of  egg,  each  segment  going 
through  a  similar  change  in  shape.  (I  have  repeated  this 
observation.)  The  segments  of  these  fibrils  appear  then  to  be 
minute  contractile  structures,  and  it  may  be  that  they  are  ulti- 
mate contractile  elements.  I  have  therefore  turned  first  to  them 
in  the  hope  of  finding  evidence  of  such  a  definite  arrangement  of 
parts  as  would  constitute  a  machine.  Shafer  describes  these 
wing  fibrils  as  membranous  tubules,  divided  into  segments  by 
transverse  discs,  and  containing  fluid  or  viscous  substances.  In 
this  description  he  is  in  agreement  with  numerous  authors ;  and 
I  shall  show  below  that  there  are  very  strong  groimds  for 
accepting  this  view  of  their  structure.  Schafer's  drawings  and 
photographs,  which  are  made  from  fibrils  after  treatment  with 
reagents,  represent  a  very  remarkable  change  in  shape,  resulting 
from  contraction.  Each  of  the  segments  is  represented  as  having 
its  end  discs  much  increased  in  diameter,  and  its  side  walls 
bulged  outwards,  but  at  the  same  time  much  shortened.    Other 
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authors  have  described  similar  changes,  without  offering  any 
explanation. 

Accepting  for  the  moment  the  view  that  the  segments  are 
really  membranous  cylinders  containing  fluid  substance/  it  is  at 
once  obvious  that  this  change  of  shape,  namely,  an  actual 
shortening  of  the  side  walls  at  the  same  time  that  they  become 
bulged  outwards,  is  an  extremely  curious  one,  and  one  difficult 
to  account  for  in  terms  of  our  working  hypothesis.  For  it  is  in 
the  highest  degree  improbable  that  the  essential  and  primary 
fact  in  the  contraction  of  the  segments  is  the  shortening  and 
bulging  of  the  membranous  side  walls.  It  is,  rather,  almost  certain 
that  the  bulging  outwards  of  the  side  walls  is  caused  by  pressure 
exerted  on  them  by  the  fluid  contents,  however  this  pressure 
may  arise,  whether  it  be  a  result  of  an  expansive  farce  generated 
in  the  fluid  contents,  or  be  caused  by  an  approximation  of  the 
end  discs  of  the  cylinder  by  some  unknown  force,  or  in  any  other 
way.  Of  the  steps  by  which  the  shape  described  as  character- 
istic of  the  contracted  state  is  arrived  at,  Schafer  (1)  writes, — 
"  it  is  a  matter  of  the  greatest  difficulty  to  determine  what  those 
changes  precisely  are."  It  seemed  to  me  that  the  study  of  these 
changes  must  be  of  the  first  importance  in  any  attempt  to  under- 
stand the  structure  of  muscle ;  and  since  the  actual  contraction 
can  only  rarely  be  observed,  the  method  I  adopted  was  to 
examine  very  carefully  fibrils  in  all  the  phases  of  contraction.^ 
There  was  this  point  to  be  kept  constantly  in  mind  while 
observing  the  fibrils — that  each  segment  of  the  fibril  probably 
goes  through  its  series  of  changes  in  shape  without  any  but  a 
very  minute  change  in  volume. 

Now,  we  have  seen  that  it  is  highly  probable  that  the  out- 
ward bulging  of  the  walls  is  caused  by  the  pressure  of  the  fluid 
within  the  chambers,  and  in  that  case  the  curve  of  the  wall 
in  the  longitudinal  axis  of  the  chamber  must  tend  to  be  an  arc 
of  a  circle.  There  is  only  one  form  of  cylinder  whose  walls  may 
be  bulged  outwards  in  this  way,  with  a  corresponding  approxi- 
mation of  its  ends,  without  there  being  produced  in  it  any  but  a 

^  I  have  used  throughout  the  course  of  my  work  the  2  mm,  apochromatic 
homogeneous  immersion  objective  of  Zeiss,  with  compensating  oculars,  Kos.  6 
and  12,  and  the  achromatic  sub-stage  condenser.  I  would  point  out  that  it  is 
quite  impossible  to  make  out  the  details  described  below  with  any  inferior  objec- 
tive, such  as  the  ordinary  t'^th  oil  immersion  lenses. 
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very  slight  change  of  volume.    Such  a  cylinder  is  one  whose 
diameter  is  very  nearly  twice  its  depth. 

When  a  slip  from  the  mass  of  wing  muscles  of  a  wasp  ^  is 
spread  out  in  a  drop  of  white  of  egg  or  normal  saline  solution, 
there  are  found  numerous  perfectly  cleanly  isolated  parts  of 
fibrils.  Each  of  these  appears  as  a  delicate  translucent  cylinder, 
crossed  at  regular  intervals  by  well-marked  dark  lines  (a  in 
photo.  1)  and  bordered  by  a  faint  halo  of  light.  Although  there 
are  often  fainter  transverse  lines  to  be  seen  between  them, 
these  lines  can  nearly  always  be  readily  distinguished.  They 
have  been  rightly  interpreted  as  the  expression  of  transverse 
discs.  It  is  by  these  discs  that  the  fibril  is  divided  into  a  longi- 
tudinal series  of  similar  segments.  (Schafer  (1)  has  called  these 
segments  'sarcomeres,'  and  I  shall  use  the  name  in  the  same 
sense.)  When  these  transverse  lines  (which  I  shall  call  the  lines 
a)  are  at  distances  apart  of  4  ft,  the  side  walls  of  each  sarcomere 
are  parallel  to  one  another,  so  that  the  whole  sarcostyle  is  a 
cylinder  slightly  more  than  2  ft  in  diameter  (photos.  1,  2, 
and  7).  Sarcostyles  presenting  this  appearance  I  regard  as 
being  in  a  state  of  extreme  physiological  relaxation  or  extension ; 
for  they  are  of  frequent  occurrence,  and  though  in  some  sarco- 
styles the  lines  a  are  found  at  rather  greater  intervals  apart, 
such  are  very  rare,  and  it  is  always  obvious  that  they  have  been 
violently  stretched.  The  sarcomeres  in  this  state  of  extreme 
relaxation  I  shall  speak  of  as  being  in  stage  A.  Each  sarcomere 
is  seen  to  have  a  dim  ground-glass-like  appearance  at  its  middle 
parts,  and  to  have  at  either  end  a  narrow  bright  band.  There 
can  be  very  little  doubt  that  this  bright  band  is  an  optical  effect 
produced  by  the  highly  refractive  disc  a,  analogous  to  the  bright 
halo  surrounding  a  refractive  granule  seen  by  transmitted  light. 
It  is  similar  to  the  halo  which  borders  the  fibril  in  its  whole 
length,  but  is  better  marked,  ie.,  it  is  brighter  and  broader.  Sun- 
ning through  the  length  of  each  sarcomere,  there  can  often  be 

^  The  following  description  applies  equally  well  to  the  wing  fibrils  of  the 
common  bees  and  of  the  water-beetle,  Dytiacua  margincUis,  and  the  absolate 
measurements  given  (which  were  mostly  made  upon  fibrils  from  the  bee  with  a 
micro- millimetre  scale  in  the  No.  6  ocular)  apply  equally  well  to  them.  The 
fibrils  of  the  wing  muscles  of  the  common  cockchafer  and  the  common  house-fly, 
and  probably  of  all  insects  with  small,  rapidly  moving  wings,  are  almost  exactly 
similar,  except  for  slight  differences  in  absolute  size. 
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made  out  fine  longitudinal  stam  These  are  best  marked  at  the 
equator,  and  diminiRh  in  distinctness  as  they  approach  the  discs 
a.  If  sarcostyles  teased  oat  in  normal  saline  solution  be  care- 
fully examined,  and  then  a  jet  of  steam  be  applied  for  a  few 
seconds  to  the  cover-glass  of  the  preparation,  and  then  the  same 
sarcostyles  be  again  examined,  no  change  in  the  appearances  can 
be  seea  If,  then,  a  little  of  EhrUch's  hsematoxyUn  be  introduced 
beneath  the  cover-slip  and  washed  away  after  one  or  two  minutes, 
certain  details  of  structure  are  brought  out  more  clearly.  Photo. 
1  was  taken  from  a  living  fibril  in  normal  saline  solution,  and 
photos.  2,  3,  and  7  were  taken  from  fibrils  fixed  and  stained  in 
this  way. 

After  this  treatment  it  can  be  made  out  that  the  discs  a  and 
the  walls  of  the  cylinders  are  stained  The  discs  a  appear  to  be 
much  more  deeply  coloured  than  the  side  walls.  This  appear- 
ance is  due  to  two  causes :  firstly,  the  discs  are  thicker  than  the 
side  walls,  as  can  be  seen  by  comparing  optical  sections  of  each ; 
secondly,  the  discs  are  seen  from  above  while  standing  on  edge, 
and  so  the  light  transmitted  by  them  has  come  through  a 
considerable  thickness  (about  2  jjl)  of  coloured  substance,  while 
that  which  comes  through  the  body  of  the  sarcomeres  passes 
only  through  two  layers  of  the  side  wall,  each  of  which  is  very 
thin,  apparently  only  about  *1  /x  in  thickness.  This  second  cause 
of  the  difference  in  the  depth  of  colour  is  well  illustrated  by 
photo.  14,  in  which  are  shown  a  number  of  separated  a  discs 
stained  with  logwood.  Some  are  seen  lying  flat  in  the  field,  and 
in  them  the  colour  is  only  just  visible,  and  they  appear,  there- 
fore, dim  in  the  photograph,  while  some  are  seen  standing  on 
edge,  and  appear  as  very  dark  purple  line&  The  same  photo- 
graph shows  that  the  isolated  discs  seen  on  edge  are  bordered 
by  refraction  halos,  thus  confirming  the  interpretation,  given 
above,  of  the  bright  borders  of  the  a  discs.  In  isolated  fibrils 
the  staining  of  the  side  walls  can  only  be  made  out  distinctly  in 
those  which  are  deeply  stained.  It  is  well  seen  in  photos.  2, 
4,  and  5.  In  photo.  2  the  colour  can  be  seen  to  be  most 
intense  at  the  borders  of  the  fibril  where  the  wall  is  not  seen  as 
a  simple  layer,  but  is  curved  round  so  that  the  light  comes 
through  a  greater  thickness  of  it  than  it  does  in  the  middle  line 
of  the  fibril.    If  the  substance  of  the  sarcomere  were  stained  in 
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its  whole  thickness,  then  the  coloor  would  be  most  intense  in  the 
middle  line  of  the  fibril,  that  being  the  line  along  which  the 
light  mnst  come  through  the  greatest  thickness  of  the  substance. 
The  study  of  transverse  sections  confirms  the  existence  and  the 
staining  property  of  the  delicate  side  wall.  If  a  slip  of  the 
wing  muscle  of  one  of  these  insects  be  taken  (preferably  of  the 
cockchafer,  since  in  it  the  granules  of  the  sarcoplasm  interfere 
less  with  the  transmission  of  the  light  than  in  most  other 
insects),  fixed  by  the  application  of  steam,  stained  with  logwood, 
and  transverse  sections  made  from  it  with  the  freezing  micro- 
tome, the  sarcomeres  are  seen  in  transverse  section  as  tiny  clear 
circular  areas  scattered  more  or  less  regularly  through  the  darkly 
stained  sarcoplasm,  and  in  well  stained  sections  each  circle  can 
be  seen  to  be  bounded  by  a  thin  line  more  darkly  stained  than 
the  sarcoplasm  (photo.  18)^ 

That  this  dark  line  bounding  each  area  is  not  merely  an 
optical  effect,  analogous  to  the  dark  line  which  may  be  seen 
bounding  a  drop  of  oil  in  water,  is  proved  by  instances  in  which 
two  or  more  areas  are  seen  to  be  in  contact  with  one  another, 
and  yet  each  is  distinctly  sepamted  from  the  others  by  the 
darkly  stained  line.  Such  areas  are  shown  in  photo.  18.  The 
wall  seen  thus  in  transverse  section  appears  darkly  stained, 
because  the  conditions  are  similar  to  those  which  cause  the  a 
discs  to  appear  darkly  stained  in  the  isolated  fibrils.  The  mem- 
branous wall  of  the  sarcomeres  can  be  best  seen  in  partially 
disrupted  fibrils.  Photo.  8  shows  a  fibril  in  stage  A,  which  has 
been  torn  in  the  process  of  teasing,  so  that  pcurt  of  the  wall  is 
laid  out  flat  in  the  plane  of  the  focus.  It  is  well  shown  also  in 
photos.  9  and  15.  These  disrupted  fibrils  were  obtained  by  the 
following  method.  Slips  of  the  wing  muscles  of  the  common 
house-fly  are  allowed  to  soak  for  some  hours  in  normal  saline 
solution  and  then  teased  out  in  water  on  the  slide.  A  cover- 
slip  is  applied,  and  the  water  on  the  slide  is  suddenly  boiled  by 
holding  the  slide  over  a  flame.  Hsematoxylin  is  then  run  imder 
the  cover-slip,  and  washed  away  after  a  minute  or  more.  The 
fibrils  are  then  found  in  various  states  of  disruption.  Many  are 
completely  broken  up  into  discs,  connected  together  only  by 
irregular  strands  of  delicate  membrane,  the  remains  of  the  side 
walls.      Photo.  14  shows  the  appearance  of  the  discs,  but  no 
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Bhreds  of  the  membranes  are  clearly  seen  in  this  field.  Others 
seem  to  be  split  open  along  one  (photo.  8)  or  two  opposite 
edges  (photo.  9),  and  lie  as  flattened,  crinkled  membranes  in  one 
plane. 

In  fibrils  fixed  in  stage  A  by  steam  and  stained,  the  longi- 
tudioal  stnation  of  the  sarcomeres  is  much  more  clearly 
marked  than  in  the  living  fibrils  (photo.  2),  and  it  can  now  be 
made  out  that  it  is  on  the  surface  of  the  fibrils  only ;  for  on 
focussing  from  above  downwards  very  carefully,  the  striae  come 
into  view  as  the  mid-line  of  the  upper  surface  is  reached,  and 
are  best  seen  at  a  focus  slightly  lower  than  this;  when  the 
middle  of  the  thickness  of  the  sarcostyle  is  reached  they  cannot 
be  seen,  but  can  sometimes  be  made  out  again  at  a  still  deeper 
focus.  I  believe  that  they  represent  longitudinal  foldings  in  the 
delicate  wall  of  the  sarcomere.  Their  appearance  in  stained 
fibrils  is  exactly  that  which  must  be  produced  by  folds  in  the 
wall  most  marked  at  the  equator  (photo.  2).  This  is  still 
better  shown  in  such  fibrils  as  that  in  photo.  8,  where  part  of 
the  wall  is  torn  and  spread  out  flat.  The  spread-out  part  can 
then  be  clearly  made  out  to  be  a  delicate,  highly  refractive, 
membrane,  folded  longitudinally  between  each  pair  of  a  discs. 
We  shall  see  that  the  diameter  of  the  sarcomere  becomes  very 
much  increased  at  its  equator  during  contraction ;  and  unless  the 
wall  be  very  readily  extensible,  some  such  folding  of  the  wall  is 
necessary  to  allow  the  increase  in  diameter  to  be  effected. 

In  correspondence  with  this  is  the  fact  that,  as  the  wall 
bulges  outwards  during  contraction,  the  longitudinal  striae  become 
less  and  less  marked,  and  in  the  later  stages  of  contraction  are 
no  longer  visible.  The  final  proof  of  the  existence  of  the  foldings 
in  the  wall  is  afforded  by  the  study  of  transverse  sections  cut 
with  the  freezing  microtome  from  sUps  of  the  muscle  fixed  in 
the  fully  extended  condition  by  steam,  and  stained  deeply  with 
logwood,  either  before  cutting  or  on  the  slide.  Although  the 
refractive  granules  of  the  sarcoplasm  make  the  walls  of  the 
sarcomeres  very  obscure  in  some  fields,  in  others  it  can  be  clearly 
seen  that  the  walls  of  a  large  proportion  of  the  sarcomeres  are 
not  even  circlets,  but  have  deep  foldings  corresponding  to  the 
striae  seen  on  the  isolated  fibrils  (photo.  16).  In  transverse 
sections  of  partially  contracted  slips  prepared  by  the  same 
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method,  less  marked  foldings  can  be  seen  (photo.  17),  and  in 
sections  of  much  contracted  muscle  the  walls  are  seen  as  even 
dark  circlets  (photo.  18). 

The  membranous  character  of  the  wall  is  well  shown  in  photos. - 
8,  9,  and  15.  In  these  fibrils,  some  of  which  have  been  torn 
by  teasing,  and  others  burst  by  boiling  in  various  stages  of  con- 
traction, parts  of  the  wall  can  be  seen  spread  out  as  crinkled 
membranes.  Their  character  can,  of  course,  be  made  out  more 
certainly  under  the  microscope,  when  one  can  easily  prove  by 
careful  focussing  that  the  objects  represented  in  the  photographs 
really  are  very  delicate  membranes. 

In  studying  the  staining  properties  of  the  fibrik  I  have  relied 
chiefly  on  Ehrlich's  hsematoxylin.  (It  is  this  preparation  of 
logwood  to  which  I  refer  when  no  other  variety  is  specified.) 
But  I  have  stained  them  also  while  living  with  logwood  dissolved 
in  distilled  water,  and  with  methylene  blue,  and  after  fixing  by 
steam,  with  eosin  and  Delafield's  hsematoxylin.  With  all  these 
methods  of  staining  the  results  are  similar  to  that  produced  by 
the  use  of  Ehrlich's  haematoxyhn. 

This  tediously  minute  description  of  the  sarcomere  in  the 
fully  extended  state,  stage  A,  may,  I  think,  be  said  to  have 
established  that  it  is  a  cylinder  bounded  by  membranous  walls, 
and  shut  off  from  its  neighbours  in  the  fibrils  by  transverse 
membranous  discs,  which,  though  thicker  than  the  side  walls, 
resemble  the  substance  of  the  latter  in  optical  and  staining  pro- 
perties ;  and  further,  that  the  side  walls  are  thrown  into  longi- 
tudinal folds,  which  are  deepest  at  the  equator,  and  fade  away 
towards  the  ends  of  the  chamber.  It  seems  highly  probable  that 
the  chambers  contain  fluid  or  viscous  substance  which  is 
coagulable  by  heat,  does  not  stain  with  logwood,  and  escapes  if 
the  walls  of  the  chambers  be  torn  before  it  is  coagulated. 

A  sarcostyle  in  this  fully  extended  state  corresponds  to  the 
conventional  description  of  the  appearance  of  striated  muscle 
fibres,  for  it  shows  an  alternation  of  broad  dim  bands  and  narrow 
light  bands,  each  of  the  latter  being  crossed  at  its  middle  by  a 
dark  line.  I  shall  go  into  the  question  of  a  difference  of  sub- 
stance constituting  the  dim  and  bright  bands  later,  but  would 
point  out  here  that  there  is  no  need  to  assume  any  such 
differentiation  to  account  for  the  bands.     In  the  production  of 
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the  appearance  Uiere  are  two  factors  chiefly  ooncemed :  (a)  the 
disc  a  throws  on  either  aide  of  itself  a  bright  halo,  and  so  the 
parts  between  the  halos  are  dim  by  comparison ;  (b)  the  foldings 
of  the  hi^ly  retractive  waU,  which  sie  most  marked  at  the 
equator  of  the  sarcomere,  must  interfere  most  at  that  part  with 
the  passage  of  tiie  light  After  staining  with  haematoxjlin  the 
dim  band  is  more  marked,  because  the  light  has  now  to  pass 
through  the  stained  folds  of  the  wall 

In  a  teased  preparation  of  the  living  muscle  other  sarcostyles 
may  be  found  in  which  the  discs  a  are  from  3-3^  fi  apart  (see 
fig.  1).    The  total  width  Ib  increased,  and  is  now  about  3  jm,  but 

the  side  walls  are  exceedingly 
difficult  to  make  out.  Hie 
longitudinal  striae  are  still  seen 
on  the  surface,  and  there  are 

'^Trjr^Sl     ^^^  visible  three  faintly  marked 
„     ,     ^  „ ,  transverse   lines  between   each 

Fio.  1.— Three  sarcomeres  m  stage  B.^       .        ...  ,.   .,.         ^, 

pair  of  lines  a,  dividing  the 
length  of  each  sarcomere  into  four  equal  zones.  These,  too, 
are  surface  markings,  so  that  the  surface  of  each  sarcomere 
now  appears  marked  out  into  tiny  rectangular  areas.  By  very 
careful  focussing  there  can  sometimes  be  made  out  an  appeaiv 
ance  of  a  tiny  bulging  of  the  wall  between  each  pair  of  trans- 
verse lines,  but  this  is  so  minute  a  detail  that  one  would  not 
accept  it  as  a  true  picture  of  the  side  wall,  were  it  not  made 
highly  probable  by  analogy  with  the  sarcomeres  in  the  same 
stage  of  contraction  in  other  kinds  of  striated  muscle,  and 
with  a  later  stage  of  contraction  of  tliese  sarcomeres.  I  shall 
speak  of  the  three  transverse  lines  as  7,  /8,  7  ()3  being  that  one 
at  the  equator  of  the  sarcomere),  and  of  sarcomeres  in  this  state 
as  being  in  stage  B  of  contraction.  Photo.  8  represents 
sarcomeres  at  this  stage,  stained  with  logwood.  I  have  not 
succeeded  in  obtaining  a  good  photograj^  of  living  fibrils  in  this 
stage. 

In  sarcomeres  in  which  the  discs  a  are  at  intervals  of  only  3 
fi  or  slightly  less,  the  lines  y  y  are  less  well  marked,  while  p  is 
better  marked,  and  the  appearance  is  that  of  figure  (2).    The 

^  These  figurps  1,  ^  8,  and  4  are  made  after  drawings  from  Hying  saiooatylea^ 
and  are  semi-diagrammatic. 
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ontline  of  the  wall  can  be  clearly  seen  to  form  a  double  curve 
between  a  and  a,  being  drawn  irt  where  ^  meets  it,  but  not 
quite  ao  deeply  as  at  a.  No  distinct  break  is  the  curve  can  be 
made  out  at  the  point  at  which  the  line  7  meeta  it.  Photo  3 
represents  a  steamed  and  stained  fibril  in  this  stage. 

When  the  discs  a  are  at  intervals  of  not  more  than  2*5  fi  the 
lines  7  7  can  no  longer  be  seen,  but  ^  is  still  better  marked  than 
before  (see  fig.  3).  The  outline  of  the  wall  on  either  side  of 
each  sarcomere  is  that  of  a  pair  of  almost  semicircular  curves, 
standing  upon  chords  which  run  outwards  from  the  ends  of  a  to 


rf  /3 


FlO.  2.— Three  aaroomeres  in  sUge  Fic.  3.— Threa  11 — 

between  Etagea  B  uad  C.  atage  C. 

the  ends  of  /3,  being  more  or  less  oblique  to  the  axis  of  the 
sarcostyle.  The  d^ee  of  obliquity  is  slightly  variable.  The 
longitudinal  Btri£e  can  still  be  made  out  crossing  the  line  P,  and 
extending  a  little  way  to  either  side  of  it.  There  is  no  longer 
any  dim  band,  for  the  refraction  halos  of  the  discs  a  now  light 
up  the  whole  depth  of  the  sarcomere.  The  width  of  the  sar- 
comere is  about  3'5  /j.  I  shall  speak  of  sarcomeres  in  th^  state 
as  being  in  stage  0.    Photo.  5  represents  such  sarcomeres. 

The  lines  7  y  and  j8  in  living  fibrils  seem  to  be  the  optical 
effects  of  annular  constrictions  in  the  wall  of  the  sarcomere  at 
these  levels,  for  they  vary  in  visibility  with  the  depth  of  the  dip 
in  the  outline  of  the  w^I  at  the  same  levels,  and  are  surface 
appearances  only.  On  focussii^  very  carefully  downwards 
through  a  sarcomere  in  stage  C,  the  line  fl  disappears  entirely 
when  the  middle  of  the  thickness  of  the  sarcostyle  is  reached, 
and  reappears  at  a  slightly  deeper  focus. 

In  sarcostyles  in  which  the  discs  a  are  slightly  nearer  to  one 
another  the  lines  j8  are  less  marked,  and  when  the  discs  a  are 
at  intervals  of  only  I'l  ft  the  lines  /3  are  only  very  faintly 
marked.    The  outline  of  the  sarcomere  no  longer  forms  a  dis- 
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tinctlj  double  bulging  between  a  and  a,  but  rather  a  aingle 
flattened  curve,  very  slightly  indented  where  the  line  p  meets  it 
(see  fig.  4).  In  fibrils  in  which  the  discs  a  are  very  slightly 
nearer  together  than  17  /jl  the  lines  p  can  no  longer  be  seen ; 
dQ  fi  *^^  ^  ®^^  sarcomere  the  side  wall,  which  is 

now  less  than  2  ^  in  length,  is  seen  in  optical 
section  as  a  simple,  rather  flattened  curve, 
joining  the  ends  of  the  lines  a  (photo,  12). 
There  cannot  be  seen  any  trace  of  the  longi- 
tudinal striae.  The  width  of  the  sarcomeres 
is  about  4  /x.  I  shall  speak  of  this  as  stage 
^  m*ereri[*'8te^'b^^  D.  Contraction  may  proceed  even  slightly 
tween  stages  C  and  beyond  this  Stage,  for  sarcostyles  are  found 

in  which  the  lines  a  are  at  intervals  of 
scarcely  more  than  1  /x,  and  the  width  of  the  fibril  is  nearly 
5  ju.  Such  an  extreme  degree  of  contraction  is  rarely  to  be 
observed,  and  is  generally  restricted  to  a  small  part  only  of  a 
sarcostyle.     I  shall  call  this  stage  K 

Although  I  have  not  observed  all  these  stages  of  contraction 
in  any  one  sarcostyle,  I  have  seen  stages  A,  B,  and  G  in  different 
parts  of  one  sarcostyle,  and,  again,  stages  B,  C,  D  and  E  in  parts 
of  one  sarcostyle.  In  such  cases  there  is  generally  traceable  a 
very  gradual  transition  from  a  part  in  one  stage  of  contraction 
to  one  in  another  stage. 


Interpretation  of  the  above  Appearances, 

If  we  compare  a  sarcomere  in  stage  A  with  one  in  stage  E  we 
see  that  there  has  been  produced  during  contraction  a  very 
remarkable  change  in  shape,  such  as  has  been  described  by  authors, 
but  even  more  extreme  than  has  usually  been  represented.  The 
hollow  cylinder  4  fi  long  by  2*2  /x  in  diameter  (a  in  fig.  5)  has 
become  such  a  figure  as  would  be  described  by  revolving  the 
plane  figure  b  (fig.  5)  upon  its  vertical  axis.  The  approxima- 
tion of  the  discs  a  represents  a  contraction  in  length  of  about  75 
per  cent.  I  have  made  a  great  number  of  very  careful  measure- 
ments of  the  sarcomeres  in  each  of  the  stages  of  contraction  that 
I  have  described  above.  It  is,  of  course,  easy  to  measure  the 
length  accurately;  but  the  width  cannot  be  measured  with 


THE  STBUCTURE  OP  CKOSS-STMATED  MUSCLE. 


423 


greater  accuracy  than  to  about   *3  f^    On  working  out  the 
volume  of  the  sarcomere  at  each  stage  of  contraction  by  the 
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Fig.  5. — Outlines  of  saroomeres  in  stages  A  and  B. 

formula  Z  -tt  r^,  I  find  (using  the  figures  given  above,  which  are 
the  means  of  many  measurements), 


In  Stage  A        volume  = 


n 


B 
C 
D 
E 


15 

21 

15-3 

21 

19 


cubic 


But  in  these  calculations  I  have  taken  each  sarcomere  as  a 
cylinder,  and  in  the  case  of  aU,  except  stage  A,  the  volume  found 
is  therefore  slightly  too  large,  for  their  walls  are  constricted  at 
one  or  more  levels.  Then  if  a  small  deduction  be  made  from 
each  of  the  volumes  found  for  the  sarcomeres  in  stages  B,  C,  D 
and  E,  the  figures  are  so  nearly  the  same  that,  although  there 
seems  to  be  a  slight  increase  in  volume,  the  deviations  from  the 
mean  fall  well  within  the  margin  of  error  of  observation,  as  we 
should  have  expected  from  obvious  theoretical  considerations. 
This  result  is  not  of  any  great  value  as  affording  evidence  of 
change,  or  absence  of  change,  in  the  volume  of  the  sarcomeres  dur- 
ing contraction,  but  it  proves  that  the  limits  of  the  sarcomeres, 
i^.  the  discs  a,  have  been  recognised  correctly  in  all  the  stages. 

In  order  to  explain  this  series  of  changes  in  terms  of  our 
working  hypothesis,  it  seems  necessary  to  infer  the  existence  of 
certain  structures  disposed  in  a  certain  manner  within  each  sar- 
comere; and  I  can  conceive  of  no  other  arrangement  and 
structure  of  parts  which  would  give  rise  to  the  changes  in 
appearance  that  I  have  described,  when  by  any  means  the  discs 
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a  are  approximated  to  one  another.  I  will  first  state  what 
these  structures  and  these  arrangements  are,  and  will  then  faring 
forward  direct  evidence  of  their  existence. 

If  the  side  wall  and  the  end  discs  a  of  the  cylindrical  tabnle, 
the  sarcomere  of  stage  A,  are  of  inextensible,  or  only  very 
slightly  extensible,  membrane,  and  if  it  is  crossed  by  three 
transversely  disposed  elastic  discs  attached  at  their  periphery  to 
the  wall,  and  dividing  the  sarcomere  into  four  equal  chambers, 
and  if  the  middle  one  of  the  three  discs  be  less  easily  extensible 
than  the  other  two,  then  there  is  an  arrangement  which  must 
bring  about  all  the  changes  in  appearance  and  dimensions  that 
I  have  described  above,  whenever  by  any  force  the  discs  a  at 
the  ends  of  the  sarcomeres  are  approximated.  (Elastic  bands  in 
the  substance  of  the  wall  would  produce  similar  results.)  For  if 
there  be  such  an  arrangement,  the  extended  sarcomere  consists 
of  four  equal  cylinders,  joined  end  to  end,  each  being  1  /&  in 
depth  and  rather  more  than  2  /x  in  diameter.  Now,  a  cylinder 
whose  side  walls  will  bulge  as  arcs  of  circles,  its  ends  being 
correspondingly  approximated,  without  change  in  volume,^  is 
one  whose  diameter  is  approximately  twice  its  depth ;  and  in 
one  whose  diameter  is  slightly  greater  than  twice  its  depth,  such 
a  change  in  shape  will  result  in  a  diminution  of  volume.  If 
there  are  such  discs,  y,  /8,  y,  as  suggested,  the  sarcomere  consists 
of  four  cylinders  of  this  latter  kind,  joined  end  to  end.  If  any 
force  tends  to  approximate  the  end  discs,  there  will  be  produced 
a  fluid  pressure  within  the  sarcomere,  which  will  seek  relief  by 
pressing  upon  the  side  walls.  It  is  easy  to  show  by  a  simple 
geometrical  diagram  that  such  a  fluid  pressure  must  tend  to 
cause  the  side  walls  to  bulge  as  arcs  of  circles  (seen  in  longitu- 
dinal section).  If,  then,  the  chambers  be  bounded  on  every  side 
by  inextensible  membranes  and  filled  with  incompressible  liquid, 
the  change  in  shape  cannot  take  place.  But  by  reference  to  the 
diagram  (fig.  6)  it  will  be  seen  that  each  chamber  of  the  sarco- 
mere has  one  easily  extensible  end  disc  y.  This,  then,  will  be 
stretched,. and  by  thus  compensating  for  the  tendency  to  diminu- 
tion of  volume,  allow  the  change  of  shape  to  be  effected.  That 
the  stretching  of  the  elastic  disc,  forming  the  septum  between 

^  There  would  be  at  first  a  slight  increase  in  ydlame,  and  later  an  equal  dkninn- 
tion,  but  this  does  not  aflfect  the  argument. 
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any  two  of  the  chambers,  will  tend  to  cause  an  increase  in 
volume,  is  easily  seen  by  considering  the  diagram  (fig.  7).     It 
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Fio.  6. — Diagram  of  extended 
sarcomere. 


Fio.  7. 


represents  the  outline  of  the  wall  of  two  of  the  chambers  having 
the  elastic  end  disc  y  in  commoa  On  the  right  is  shown  the 
outline  which  would  result  if  the  disc  be  not  stretched,  on  the 
left  the  effect  on  this  outline  of  the  stretching.  The  effect  is 
that  the  two  chambers  behave  more  like  one  whose  diameter 
equals  its  depth,  and  in  such  a  chamber  the  bulging  of  the  wall 
would  result  in  a  considerable  increase  of  volume. 

As  the  discs  a  are  brought  still  nearer  to  one  another,  the 
bulging  of  the  segments  of  the  wall  of  each  sarcomere  must 
increase  until  the  outline  of  each  approximates  to  a  semicircle, 
and  the  discs  y  must  be  more  and  more 
stretched,  so  that  the  chords  on  which 
these  curves  stand  become  more  and 
more  oblique.  The  bulged  walls  of 
neighbouring  sarcomeres  must  then 
come  into  contact  where  they  meet  at 
a ;  and  as  the  discs  y  stretch  more  and 
more,  these  parts  of  the  walls  will 
become  flattened  out  against  one 
another,  and  being  pressed  together  by 
the  fluid  pressure  within  the  chambers,  Fi»-  8.— Diagram  to  illustrate 

.,,  ^  J  .  1  J       •        ^  the  production  of  fig.  2. 

Will  seem  to  produce  the  ends  of  a  to 

a'  as  in  fig.  8.  If  the  disc  /8  were  inextensible,  then  the  same 
process  would  occur  at  its  ends;  but  it  appears  to  be  just 
so  readily  extensible  as  to  obviate  any  coming  into  contact 
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of  the  aegments  of  the  side  wall  at  its  perij^ery.  This,  then, 
appears  to  be  a  possible  ezplanatioii  of  the  lengtbening  of 
the  discs  a  and  the  shorteniiig  of  the  side  waUs  of  the  sarco- 
meres, as  represented  by  anthers^  and  of  tiie  other  change  in 
shape  that  I  have  described  in  the  early  stages  of  contraction. 
As  contraction  proceeds,  a  and  a  come  nearer  togetiier,  the  side 
walls  are  taken  np  by  this  rolling-K>at  process  more  and  more, 
and  are  added  to  the  periphery  of  the  transverse  a  discs,  and  the 
discs  y  and  fi  and  y  mnst  go  on  stretching,  to  compensate  for 
the  tendency  to  diminution  of  volnma  The  double  curre  of  the 
wall  between  a  and  fi  mil  then  become  a  single  flattened  curve 
and  the  constriction  caused  by  y  in  the  earlier  stages  will  no 

longer  be  present,  and  the  lines  y, 
which  are  the  optical  expressions 
fi  of  the  constrictions,  will  no  longer 
be  seen.  The  appearance  of  stage 
G  is  thus  produced.  The  sarcomere 
now  appears  to  consist  of  two 
chambers,  each  of  which  is  about 
■J  1-25  /i  in  depth  and    3*5    /jl    in 

diameter ;  and  if  the  end  walls  be 
.—  lagram  o  stage   .      ^^j  further  approximated,  the  disc 

)3  must  stretch  more  and  more  to  accommodate  the  liquid  con- 
tents, and  the  rolling  out  of  the  walls  at  a  must  go  on  still 
further.  The  constriction  caused  by  the  disc  )8  will  therefore 
become  shallower,  and  its  optical  expression,  the  line  j3,  become 
correspondingly  fainter,  and  so  the  appearance  of  stage  D  is 
produced.  When  contraction  goes  beyond  this  stage,  the  con- 
striction caused  by  /3  is  quite  obliterated,  the  wall  bulges  in  an 
even  semicircular  curve  between  a  and  a,  and  the  appearance 
of  stage  E  results. 

The  question  at  once  arises,  Is  the  length  of  the  side  wall  of 
the  extended  sarcomere  sufficient  to  play  this  double  rdle  in  the 
fully  contracted  sarcomere  ?  In  the  latter  state  about  I'o  /a,  or 
a  little  more,  forms  the  curved  side  wall,  and  1  /a  of  either  end  is 
incorporated  with  the  transverse  discs  a  and  a,  as  can  be  seen 
from  the  diagram  (fig.  10).  The  original  length  is  4  /a,  so  that 
this  rough  calculation  shows  that  its  length  is  sufficient  to  allow 
it  to  play  the  part  that  I  have  attributed  to  it.     If  this  inter- 
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pretation  be  the  true  one,  the  dark  transverse  lines  at  a  in  the 
contracted  sarcostyle  represents  discs  of  each  of  which  the 
central  part  is  the  disc  a,  and  the  peripheral  parts  a  double 
layer  of  the  side  walL  The  side  wall,  as  we  have  seen,  is  very 
similar  in  appearance  and  behaviour  to  the  substance  of  the 
discs  a,  and  it  has  not  more  than  half  the  thickness  of  the  discs. 
In  some  cases,  when  a  partially  contracted  sarcostyle  is  watched 
while  being  stained  with  haematoxylin,  the  discs  a  seem  to  take 
the  stain  more  rapidly  than  the  side  walls,  and  then  it  can 
sometimes  be  seen  that  the  middle  part  only  of  the  discs  is 
stained,  the  heterogeneous  nature  of  their  parts  being  thus 
brought  out.  The  fibril  shown  in  photo  9  affords,.  I  believe, 
further  illustration  of  this  process.    The  water  in  which  it  lay 


.^- 
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Fro.  10. 


was  suddenly  boiled,  and  the  walls  of  the  sarcomeres  seem  to 
have  been  burst  open  irregularly  along  either  side,  and  the  flaps 
of  wall  to  have  been  thrown  outwards  by  the  force  of  the 
bursting,  so  as  to  lie  in  the  same  planes  with  the  discs  a,  /9,  and 
to  appear  to  produce  them  at  either  side. 

In  the  wing  fibrils  of  the  wasp,  bee,  and  water-beetle  I  could 
find  for  a  long  time  no  direct  evidence  of  the  existence  of  trans- 
verse discs  at  y,  8,  and  y.  For  although,,  when  the  walls  are 
stained  with  logwood,  the  lines  at  y,  )8,  and  y  are  accentuated, 
and  the  p  line  may  appear  very  darkly  stained  (photo.  5),  yet 
this  may  well  be  due  merely  to  the  stained  substance  of  the  wall 
being  seen  in  oblique  optical  section  at  the  constrictions,  so  that 
the  light  comes  through  a  greater  thickness  of  the  walls  at  these 
levels ;  and  the  visibility  of  the  lines  varies  in  both  living  and 
stained  fibrils  with  the  degree  of  constriction  of  the  wall  at  the 
same  level.    {Cf.  photos.  4,  5,  6,  and  12.) 

On  examining  fibrils  from  the  wing  muscles  of  the  common 
house-fly,  direct  evidence  of  the  existence  of  discs  stretching 
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across  the  sarcomeres  at  the  levels  of  the  lines  y,  ^,  and  y  was 
at  once  found.  The  sarcomeres  of  these  fibrils  are  not  so 
constant  in  absolute  size  as  those  described  above  (though  the 
proportions  of  their  parts  are  exactly  the  same),  and  in  many  of 
the  fibrils  in  stage  A  the  sarcomeres  have  the  shape  of  a  pair 
of  truncated  cones  put  base  to  base  (photo.  7).  But  the 
most  striking  difference  is  that  crossing  the  middle  of  each  sarco- 
mere is  a  thin  dark  line,  bordered  on  either  side  by  a  bright  halo, 
the  appearances  at  all  foci  being  exactly  like  those  produced  by 
the  disc  a,  except  that  both  the  line  and  its  bright  borders  are 
narrower  and  less  marked  (photo.  1).  When  such  a  fibril  has 
been  steamed  and  stained  with  haematoxylin  the  presence  of 
a  disc  corresponding  to  the  line  fi  is  proved  by  the  fact  that  the 
darkly  stained  line  can  be  focussed  through  the  whole  thickness 
of  the  sarcomere,  just  like  the  dark  line  which  is  the  expression 
of  the  disc  a  (photos.  7  and  10),  and  in  later  stages  of  contraction 
also  it  can  be  focussed  through  the  thickness  of  the  sarcomere 
in  the  same  way.  I  have  not  succeeded  in  finding  isolated  P 
discs,  but  this  is  not  surprising  if  we  remember  that  they  are 
still  more  delicate  than  the  a  discs,  and  that  the  latter,  when 
seen  lying  flat,  are,  though  stained  as  deeply  as  possible,  only 
very  pale  and  dim  (photo.  14). 

These  fibrils,  when  steamed  and  stained  in  stage  A,  afford 
also  direct  evidence  of  the  existence  of  discs  corresponding  to 
the  lines  y.  In  photo.  7,  taken  from  such  a  fibril,  there  can  be 
seen  midway  between  the  a  and  p  discs  a  very  fine,  dark, 
transverse  line,  which  under  the  microscope  can  be  focussed 
through  the  whole  thickness  of  the  sarcomere,  and  is  distinctly 
coloured  by  the  stain.  Since  the  wall  is  not  constricted  at  the 
level  of  these  lines  in  this  fibril,  the  line  must  be  simply  the 
optical  expression  of  a  very  delicate  transverse  disc.  In  photo.  10 
the  p  and  7  discs  are  still  better  shown,  and  in  it  the  p  discs 
appear  as  well  marked  as  the  a  discs.  Photo.  11  shows  the 
appearance  of  another  part  of  the  same  fibril  where  it  is  slightly 
contracted.  (This  is  not  the  typical  appearance  of  a  fibril  in 
stage  B,  which  is  shown  in  photo.  3,  but,  as  in  the  fibril  of 
photo.  4,  the  discs  seem  to  have  exerted  less  than  their  usual 
constricting  action  in  proportion  to  the  distending  force,  so  that 
the  constrictions  at  y  and  P  are  very  little  marked  in  photo.  11 
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and  in  photo.  4,  that  at  7  not  at  all,  though  that  at  j3  is  very 
well  shown.  Such  slight  variations  from  the  typical  form  are 
not  uncommon  in  any  stage  of  contraction.) 

In  some  of  the  sarcomeres  in  this  photograph  it  can  be  seen 
that  the  y  disc  is  bowed  slightly  with  its  convexity  towards  the 
)8  disc.  It  is  obvious  that,  if  these  discs  form  complete  septa 
across  the  sarcomere,  shutting  ofif  the  fluid  in  each  compartment 
from  that  in  the  others,  the  y  discs  must  become  bulged  towards 
the  /3  discs  when  the  sarcomere  assumes  the  shape  of  those  in 
the  phot(^raph,  and  in  all  the  later  stages  of  contraction. 

I  shall  show  below  that  in  investigating  the  structure  of  the 
muscles  of  the  crayfish  I  have  found  similar  direct  evidence  of 
the  presence  of  discs  exactly  corresponding  to  the  a,  y,  and  j3 
discs  of  these  insects'  wing  fibrils ;  and  in  all  the  different  kinds 
of  cross-striated  muscle  that  I  have  examined,  I  have  found 
indirect  evidence  of  the  existence  of  corresponding  structure  in 
constrictions  occurring  at  the  corresponding  levels  in  the  muscle 
columns.  It  seems,  then,  highly  probable  that  there  really  do 
exist  elastic  discs  such  as  it  was  found  necessary  to  assume  the 
existence  of  in  order  to  explain  the  changes  of  shape  exhibited 
by  the  sarcomere  during  contraction. 


A](^mtdix  to  the  above  accowni  of  the  Structure  of  the 

Wing  Fibrils. 

Since  the  above  account  was  written,  I  have  obtained  further 
confirmation  of  its  accuracy  in  respect  to  several  important 
points. 

I  have  been  able  to  see  very  distinctly  in  living  fibrils  teased 
from  the  wing  muscles  of  the  house-fly,  and  lying  fully  extended 
in  normal  saline  solution,  delicate  transverse  lines  midway 
between  the  a  and  j8  discs,  and  these  are  the  optical  sections  of 
the  y  discs.  I  have  seen  them  still  more  clearly  in  fully- 
extended  fibrils  which  had  been  teased  out  in  water  and  allowed 
to  become  dry  through  the  evaporation  of  the  water  from  under 
the  cover-slip. 

I  have  also  seen  the  y  and  j3  discs  stained  equally  darkly  in 
fully-extended  fibrils  from  wing  muscles  of  the  water-beetle. 
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which  had  been  fixed  in  93  p.c.  alcohol,  and  then  soaked  in 
gl jcerine  and  stained  with  logwood. 

The  method  of  negatiye  gold-staining  which  will  be  described 
below  aflTords  further  confirmation  of  the  presence  of  the  discs, 
for  bj  this  metiiod  the  contents  of  each  of  the  fonr  chambeis  of 
the  sarcomere  may  be  stained.  In  sarcomeres  in  stage  A  it  can 
then  sometimes  be  made  ont  that  the  discs  y,  y,  and  )3,  as  well 
as  the  disc  a,  remain  unstained,  and  can  be  seen  as  fine  bright 
lines,  dividing  the  stained  contents  of  each  sarcomere  into  four 
equal  masse&  In  other  cases  the  discs  themselves  become 
stained  by  this  negative  gold  process,  while  the  contents  of  the 
chambers  of  the  sarcomere  remain  unstained,  or  only  very 
sli^tly  stained  I  have  observed  all  the  discs  stained  in  this 
way  in  fibrils  from  the  wing  muscles  of  the  water-beetle,  house* 
fly,  and  wasp. 

If  fibrib  fixed  in  the  fully-extended  state  by  strong  alcohol 
be  teased  out  and  watched,  while  25  p.c.  formic  acid  is  run  under 
the  cover-slip,  it  can  sometimes  be  seen  that  each  sarcomere 
swells  out  rapidly  at  its  equator,  until  its  wall  forms  a  single, 
almost  semicircular  curve  between  the  ends  of  the  sarcomere, 

where  it  remains  attached  to  the  a  discs  (see 
fig.  11).    The  sarcomeres  shorten  to  a  corre- 
sponding extent  as  this  bulging  of  the  wall 
Fio.  11.  takes  place.    In  such  cases  it  is  clear  that 

while  the  delicate  y  and  /9  discs  are  so 
affected  by  the  treatment,  probably  by  the  acid,  that  they  exert 
no  constricting  efifect  upon  the  side  walls,  yet  the  a  discs  remain 
of  their  normal  width,  namely,  2*2  fi.  The  a  discs,  then,  are  not 
only  more  resistant  than  the  others  to  the  action  of  the  acid 
upon  them,  but  they  are  inextensible  by  such  tension  as  is 
exerted  by  the  walls  as  they  bulge  under  the  swelling  action 
of  the  acid  on  the  contents  of  the  chambers.  Fibrils  presenting 
the  monilif orm  appearance  produced  in  this  way  are  frequently 
found  in  preparations  by  the  negative  gold  method. 

Similar  evidence  as  to  the  character  and  functions  of  the  discs 
may  be  obtained  by  treating  living  fully-extended  fibrils  with 
'3  p.c.  formic  acid.  I  have  observed  a  fibril  in  stage  A  rapidly 
contract  to  stage  0  as  the  acid,  which  was  allowed  to  run  under 
the  cover-slip,  first  began  to  act  upon  it,  and  then,  when  the  acid 
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had  acted  on  it  for  a  few  seconds  longer,  each  sarcomere  suddenly 
bulged  outwards,  the  constrictions  of  its  wall  becoming  obliterated 
and  its  length  increased  as  it  assumed  the  moniliform  shape 
shown  in  fig.  11.  The  interpretation  of  these  changes  seems  to 
be,  that  the  contents  of  the  sarcomere  swelling,  imder  the  action 
of  the  acid,  exert  a  pressure  on  the  walls  which  causes  the  pre- 
liminary shortening,  and  that  then  the  y  and  /9  discs  become 
disrupted  by  the  acid  and  cease  to  exert  their  constricting  action, 
while  the  a  discs  remain  unaffected.  The  sarcomere  then 
assumes  the  form  which  gives  the  greatest  capacity,  the  free 
bulgii^  of  its  walls  being  no  longer  restrained  by  the  y  and  /S 
discs. 

On  the  Appearances  presented  by  Fibres  of  the  Leg  Muscles  of 

Dytiecus.marginaUs. 

It  is  well  known,  from  the  descriptions  given  by  Eollett  and 
other  authors,  that  transverse  sections  of  fibres  of  the  leg  muscles 
of  this  beetle,  stained  with  gold  chloride,  usually  present  a 
narrow  central  band  of  granular  stained  substance,  which  may 

be  a  simple  linear  band,  or  has  frequently  a  y (^  shape,  or 

presents  more  irregular  arms  running  towards,  but  never 
reaching,  the  periphery  (photo.  35).  This  is  the  section  of  a 
central  core  of  protoplasmic  substance,  in  which  one  or  more 
longitudinal  chains  of  nuclei  are  embedded.  In  the  transverse 
section  there  radiate  out  from  this  central  band  to  the  periphery 
of  the  fibre  darkly-stained  lines,  which  mark  out  the  surface  of 
the  section  into  narrow  unstained  areas.  The  stained  substance 
occupying  the  central  core  and  forming  the  radial  lines  seems 
to  resemble  very  closely  the  sarcoplasm  of  the  wing  muscles  in 
its  function  and  properties,  except  that  its  granules  are  much 
fewer  and  smaller,  and  it  has  been  suitably  called  by  the  same 
name. 

The  narrow  unstained  radial  areas  marked  out  by  the  lines  of 
stained  sarcoplasm  are  transverse  sections  of  the  muscle 
columns,  about  the  nature  of  which  there  is  so  much  diversity 
of  opinion.^ 

^  The  sarcoplasm  stains  darkly  not  only  with  gold  chloride  but  also  with 
logwood  after  fiution   with  steam,  chromic  acid,  formaline,  or  Flemming's 
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If  a  slip  from  the  leg  muscles  of  the  beetle  be  pmned  out  in  a 
condition  of  complete  extension,  ie.,  as  much  as  or  slightly  more 
extended  than  it  is  in  the  body  when  its  antagonists  are  well 
contracted,  and  be  fixed  in  this  condition  by  the  application  of 
steam  or  by  soaking  in  formaline  or  chromic  acid,  and  then  the 
longitudinal  surface  of  the  fibres  examined,  it  is  seen  (photos. 
19,  20)  that  the  surface  is  marked  by  parallel  longitudinal 
lines  of  granular  sarcoplasm,  separating  narrow  brighter  areas 
corresponding  in  width  to  the  brighter  unstained  areas  described 
in  the  transverse  section.  These  narrow  bright  areas  are  the 
edges  of  the  muscle  columns  presented  at  the  surface  of  the 
fibre.  In  the  living  or  steamed  fibre  they  are  about  1*4  fi  wida^ 
If  the  fibres  be  stained  lightly  with  logwood,  the  sarcoplasm 
becomes  coloured,  while  the  greater  part  of  the  substance  of  the 
muscle  columns  remain  uncoloured.  By  focussing  downwards  from 
the  surface  of  a  fibre,  the  lines  of  sarcoplasm  can  then  be  shown  to 
be  the  optical  sections  of  continuous  flat  sheets  of  sarcoplasm 
radiating  from  the  central  core,  and  separating  from  one  another 
the  plank-like  muscle  columns.  The  latter  have  their  flat 
parallel  surfaces  applied  to  those  of  their  neighbours  on  either 
side,  though  separated  from  them  by  the  thin  planes  of  sarco- 
plasm {cf.  fig.  12  and  photos.  20  and  35). 

fluid.  Id  making  my  preparations  I  havB  found  the  first  three  methods  of  fixa- 
tion by  ixt  the  most  useful.  81noe  it  is  easy,  as  I  shall  show  below,  to  see  in  living 
musole  fibres  all  the  normal  appearances  characteristio  of  the  different  stages  of 
contraction,  it  is  possible,  by  comparing  with  the  liying  fibres,  fibres  fixed  by  any 
reagent,  to  make  out  accurately  the  effect  of  the  reagent  on  the  parts  of  the  fibres. 
This  can  be  done  best  of  all  in  the  case  of  fixation  by  steam ;  for  if  a  few  fibres  be 
spread  out  in  normal  saline  solution  and  carefully  examined,  and  then  a  jet  of 
steam  be  applied  to  the  cover-glass  for  a  few  seconds,  and  the  same  fibres  again 
examined,  it  can  be  seen  that,  just  as  in  the  case  of  the  wing  fibrils,  the  normal 
appearance  of  the  living  fibre  is  preserved  unchanged.  Of  all  other  reagents  I 
have  found  a  10  p.c.  solution  of  Scherer's  formaline  and  a  *2  p.c.  solution  of  chromic 
acid  to  be  the  best  fixing  agents.  The  former  does  not  preserve  the  normal  rela- 
tion of  the  sarcoplasm  and  the  muscle  columns  in  every  case  with  such  absolute 
certainty  as  does  the  latter,  but  it  causes  very  much  less  shrinkage  than  the 
chromic  acid  or  any  other  chemical  fixing  agent  that  I  have  used.  Fixation  with 
the  method  of  staining  fresh  tissue  with  gold  chloride  is  uncertain  :  it  is  some* 
times  true,  but  often  untrue.  Alcohol  very  seldom  preserves  the  normal  arrange- 
ment of  parts,  and  it  oauses  very  great  shrinkage. 

^  The  measurements  given  here  and  below  apply  to  the  great  majority  of  the 
fibres  of  the  leg  muscles.  But  in  the  muscles  of  the  first  and  second  pair  of  legs 
there  occur  some  fibres  of  rather  coarser  structure,  though  the  proportions  of  the 
parts  are  the  same  as  in  the  others  (photo.  19). 
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In  fibres  in  this  fully-extended  etAte  the  crose-etriation  is  bat 
little  marked.  With  s  lens  of  medium  power  there  is  seen  ac 
appearance  of  narrow,  faintly  brighter  transverse  bands  occurring 
at  regular  intervals.  With  the  lens  of  high  power  it  becomes 
apparent  that  this  is  due  to  septa  disposed  transversely  across 


Via.  12, — DUgism  of  a  fibre  cat  scrou  trsuBrerael;,  and  Aowiug  both 

kugitudinal  and  truuvene  ror&CM. 

each  moacle  column  at  intervals  of  5  ju  along  its  length.  Each 
one  of  these  septa  appears  in  optical  section  in  the  longitudinal 
view,  which  we  are  now  considering,  as  a  well-marked  dark  line, 
having  on  either  aide  of  it  a  band  of  br^btness  about  '7  /i  ia 
width.  This  septum  stains  darkly  with  logwood  (photos.  20  and 
22),  and  seems  to  he,  as  I  shall  Bhow  below,  in  every  way  strictly 
analogous  to  the  a  disc  of  the  wing  fibrils,  and  the  bright  band 
on  either  side  of  it  seems  to  be  a  halo  effect,  due  to  the  highly- 
refracting  nature  of  its  substance.  I  shall  therefore  speak  of  it 
as  the  a  septum.  The  a  septa  occur  in  each  muscle  column  of 
a  fibre  in  this  extended  state  at  intervals  of  5  m  with  the  greatest 
r^ularity,  and  in  all  the  columns  of  a  fibre  they  are  usually 
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arranged  at  the  same  transverse  levels,  so  that  through  optical 
fusion  of  their  halos  they  produce  the  appearance  of  narrow 
bright  bands  across  the  fibre.  Sometimes  in  the  living  fibres, 
but  more  frequently  in  fixed  and  teased  fibres,  the  regularity  of 
the  cross-striation  is  destroyed  through  the  dislocation  of  some 
of  the  columns  longitudinally,  so  that  the  a  septa  no  longer 
occur  at  the  same  transverse  levels,  but  form  a  stair-like  series 
across  the  fibre,  or  have  some  still  more  irregular  distribution. 
Each  muscle  column  is  then  divided  by  the  transverse  a  septa 
into  a  longitudinal  series  of  segments.  It  will  greatly  facilitate 
the  description  of  these  fibres  if  I  anticipate  the  conclusion  to 
which  the  investigation  of  their  structure  has  led  me,  by  saying 
that  the  muscle  columns  of  these  fibres  appear  to  be  strictly 
homologous  in  structure  and  function  with  the  sarcostyles  of  the 
insects'  wing  muscles,  and  that  their  segments  correspond  point 
for  point  with  the  sarcomeres  of  the  latter.  I  shall  therefore 
speak  of  these  fully-extended  muscle  columns  whose  a  septa 
occur  at  intervals  ot  5  fi  and  whose  surfaces  are  plane,  as  being 
in  stage  A.  They  cannot  be  isolated  in  the  living  state  as  can 
the  sarcostyles  of  the  wing  muscles,  for,  owing  to  their  shape  and 
the  smallness  of  the  amount  of  sarcoplasm  between  them,  they 
adhere  together  much  more  closely  than  do  the  cylindrical 
sarcostyles  embedded  in  a  relatively  large  amount  of  sarcoplasm. 
Nevertheless,  they  can  be  readily  isolated  by  careful  teasing  from 
fibres  fixed  in  the  extended  condition  by  formaline  or  chromic 
acid,  and  best  of  all  by  a  watery  solution  containing  '2  p.c. 
chromic  acid  and  1  p.c.  formic  acid.  Photo.  21  represents 
muscle  columns  in  stage  A  partially  isolated  in  this  way.  In 
photo.  21  there  can  be  seen  the  edges  of  three  lamellar  columns 
with  the  intervening  sheets  of  stained  sarcoplasm;  these 
lamellae  are  curved  and  twisted  so  that  at  a  deeper  focus  their 
flat  surfaces  lie  in  the  plane  of  the  field.  The  flat  surface 
of  another  column  is  shown  at  *  in  photo.  21.  On  examining 
the  flat  surface  we  see  the  darkly-stained  transverse  lines,  the 
expression  of  the  a  septa,  and  on  either  side  of  each  of  the 
lines  the  band  of  light  *7  fi  wide.  The  surface  of  each  segment 
can  be  seen  to  be  thrown  into  longitudinal  wrinkles.  This, 
as  I  shall  show  below,  is  due  to  the  shrinkage  caused  by  the 
chromic  acid.    Another  good  method  for  obtaining  short  lengths 
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of  isolated  muscle  columns  is  to  cut,  with  the  freezing  micro- 
tome, transverse  sections  of  fibres  fixed  in  stage  A  with  chromic 
acid  or  Flemming's  fluid ;  if  then  glycerine  and  a  cover-slip  are 
applied,  and  the  latter  is  tapped  and  rubbed  to  and  fro  over  the 
sections  with  gentle  pressure,  many  of  them  become  completely 
broken  up  into  the  short  lengths  of  muscle  columns  which  may 
be  seen  in  all  positions.  The  larger  fragments  of  fibres  obtained 
in  this  way  and  by  teasing  consist  of  a  variable  number  of 
muscle  columns  still  adhering  together ;  and  then,  according  as 
the  flat  surface  of  one  of  them  or  the  edges  of  the  group  are 
presented,  there  are  seen  simply  the  transverse  lines  a  and  the 
longitudinal  wrinkles  more  or  less  marked  (as  in  photo.  21),  or 
the  narrow  edges  of  the  columns  crossed  by  the  a  lines  and 
separated  by  the  dark  lines  of  sarcoplasm  (as  in  photo,  20). 
Frequently  such  a  piece  may  lie  so  obliquely  in  the  field 
as  to  show  both  the  longitudinal  surfaces  to  slightly  different 
foci,  t.e.,  it  is  seen  like  a  closed  book  held  obliquely  towards  the 
eye,  so  that  both  the  cut  edges  of  the  leaves  and  the  flap  of  the 
cover  are  seen  at  once. 

If  a  slip  of  the  muscle  be  pinned  out  as  before,  but  in  a 
slightly  less  extended  condition,  and  fixed  by  the  same  methods 
as  before,  it  is  found  on  inspection  of  the  longitudinal  surfaces 
of  the  fibres  that  the  lines  a  are  at  smaller  distances  apart  than 
5  /A.  The  sarcoplasm  is  now  no  longer  spread  out  in  thin  sheets 
between  the  radial  lamellar  muscle  columns,  but  is  accumulated 
in  radial  lines,  at  levels  which  correspond  to  constrictions  in  the 
muscle  columns.  Since  the  sarcoplasm  is  relatively  opaque,  the 
distribution  of  these  lines  plays  a  very  large  part  in  the  causa- 
tion of  the  transverse  striation,  especially  when  the  sarcoplasm 
is  stained  with  gold  or  logwood. 

In  parts  of  fibres  which  are  slightly  contracted,  and  in  which 
the  a  septa  are  at  intervals  of  about  4  fi,  the  sarcoplasm  is 
accumulated  at  the  levels  of  the  a  septa  and  at  three  equidistant 
levels  between  each  pair  of  them.  The  muscle  columns  come 
into  contact  with  one  another  at  the  intermediate  levels,  but 
their  planes  of  separation  can  be  traced  as  fine  longitudinal 
lines,  and  the  sarcoplasmic  accumulations  appear  as  tiny  dots  or 
thickenings  upon  these  lines.  Even  at  this  stage  it  can  be  seen 
that  these  dots  are  diamond-shaped,  with  one  axis  transverse  and 
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one  loDgitiidiiiaL  Fhota  22  representB  a  fibre  in  this  stage  of 
contmcfcioQ :  it  was  taken  from  a  fibre  <rf  the  muscle  isolated  in 
normal  saline  solation,  and  simply  fixed  bj  steam  applied  to  the 
corer-glasB.  The  lines  a  are  now  optically  fused  with  the  dote 
of  sarooplasm  at  their  levels  to  form  dark  transrerae  lines,  on 
which  the  dote  form  thickeningB  at  regular  intervals  of  about 
1*5  ft.  Their  refraction  halos  light  up,  on  either  side  of  this 
line,  a  band  which  is  nearly  1  /&  broad,  and  so  nearly  fills  the 
interval  between  the  lines  at  a  and  the  next  transverse  row  of 
dot&  There  is  thus  produced  an  appearance,  well  shown  in  the 
photograph,  corresponding  to  the  conventional  description  of  an 
uncontracted  muscle  fibre,  namely,  alternate  dim  and  bright 
bands,  each  of  the  latter  being  crossed  at  its  middle  by  a  thin 
dark  lina  This  line  is  made  up  of  the  lines  a  and  the  sarco- 
plasmic accumulations  at  the  same  leveL  It  can  be  inferred 
with  certainty  that  the  muscle  columns  are  constricted  at  the 
levels  at  which  the  sarcoplasm  accumulates,  and  bulged  at  the 
intermediate  levels ;  and  by  focussing  carefully  the  edge  of  a 
fibre,  especially  if  the  sarcolemma  be  displaced,  the  appearance 
of  four  tiny  bulges,  between  each  pair  of  lines  a,  can  be  made 
out.  The  three  constrictions  dividing  each  segment  of  the  muscle 
columns  into  four  equal  parts  correspond  exactly  with  those 
that  I  have  described  in  the  wing  muscle  sarcostyles,  and  I  shall 
therefore  mark  these  levels  by  the  same  letters  y  /^  y,  and  fibres 
showing  this  appearance  are  in  a  state  of  contraction  strictly 
analogous  to  that  of  the  wing  sarcostyles  which  I  have  called 
stage  B. 

Photo.  23,  taken  from  a  longitudinal  section  of  a  fibre 
fixed  by  chromic  acid  in  this  stage  B  and  stained  with  log- 
wood, shows  in  places  the  lines  of  separation  between  the 
columns  marked  with  slight  swellings  at  the  levels  a  y  P  y- 
These  swellings,  the  accumulations  of  sarcoplasm,  appear  much 
less  marked  than  in  photo.  22,  partly  because  the  stage  of  con- 
traction is  a  very  early  B  stage,  partly  because  the  chromic 
acid  causes  so  much  shrinkage,  and  partly  because  the  lines 
between  the  swellings  are  fairly  thick  and  well  stained,  being 
made  up,  as  I  believe,  of  two  layers  of  the  stained  walls  of 
the  columns,  which  when  unstained  are  scarcely  visible. 

Parts  of  muscle  columns  can  be  isolated  from  fibres  in  this 


THB  STRUCTURE  OF  CROSS-STRIATED  MUSCLE.  437 

stage  of  contraction,  almost  as  easilj  as  from  fibres  in  stage  A 
and  by  the  same  methods.  Photos.  24  and  25  represent  parts  of 
snch  columns  teased  out  from  fibres  fixed  with  chromic  acid.  In 
them  can  be  seen  the  darkly  stained  a  septa  with  their  halos, 
the  longitudinal  wrinkles  and  the  three  dark  transverse  lines 
y  j3  7  the  expression  of  the  transverse  grooves  in  the  stained 
wall  at  these  levels.  (These  photographs  should  be  compared 
with  those  showing  the  isolated  sarcoetyles  of  the  wing  muscles 
in  the  corresponding  stages  of  contraction.)  Photo  26  shows 
muscle  column  in  stage  B,  isolated  after  fixation  with  chromic 
acid  "2  p.c.  to  which  was  added  2  p.c.  of  formic  acid.  The 
presence  of  the  formic  acid  counteracts  the  tendency  to  shrinkage 
caused  by  the  chromic  acid,  as  I  shall  show  below,  and  longi- 
tudinal wrinkles  are  therefore  not  present  in  these  columns,  but 
only  the  transverse  lines  and  grooves.  By  carefully  focussing 
through  the  substance  of  such  isolated  columns,  it  is  easily  made 
out  that  their  thickness  is  only  about  1  fi. 

In  a  fibre  of  which  the  parts  are  unequally  contracted,  the 
transition  from  this  stage  B  to  the  next  well-marked  stage  C 
may  be  traced.  The  dots  of  sarcoplasm  at  the  level  y  become 
smaller  and  those  at  a  and  ^  larger,  until,  in  parts  in  which  the 
a  septa  occur  at  intervals  of  from  2-3  ft  and  whose  degree  of 
contraction  corresponds  to  stage  C  of  the  wing  sarcostyle,  the 
dots  at  7  and  y  are  no  longer  seen ;  or,  in  other  words,  the  con- 
strictions in  the  muscle  columns  at  the  levels  y  y  become  less 
and  less  marked  until  they  quite  disappear,  while  the  constric- 
tions at  the  levels  a  and  P  become  deeper.  The  dark  band  at  a 
can  still  be  resolved  into  the  lines  a  and  the  diamond-shaped 
dots  of  sarcoplasm ;  the  dots  of  sarcoplasm  at  p  are  generally 
slightly  smaller  than  those  at  a.  Photo.  27,  taken  from  a  steamed 
but  unstained  fibre,  shows  very  well  the  distribution  of  the  sarco- 
plasm. nioto.  28  of  a  longitudinal  section  of  a  fibre  fixed  with 
chromic  acid  and  stained  with  logwood  shows  the  same  distribu- 
tion of  the  sarcoplasm,  but  has  the  peculiarities  noted  in  photo. 
23.  Photo.  29,  which  was  taken  from  a  longitudinal  section  of 
a  fibre  in  stage  C  stained  with  gold  and  cut  in  paraf&n,  shows 
the  same  thing  on  a  smaller  scale.  The  columns  in  this  sts^ 
are  a  little  more  than  2  /^  in  thickness.  If  a  spot  be  found  at 
which  the  sarcolenuna  is  displaced  from  the  edge  of  the  fibre  in 
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this  stage  of  contraction,  it  can  be  clearly  seen  that  the  outline 
18  dipped  in  at  the  levels  a  and  p,  and  bulged  out  between  them. 
Fragments  of  the  lamellar  muscle  columns  may  be  isolated 
in  ttus  stage  of  contraction  also,  though  less  readily  than 
in  stages  A  and  B,  and  such  frt^ments  are  crossed  by  dark 
lines  of  two  kinds,  a  and  )3,  which  behave  to  alterations  in  focus 
exactly  as  do  the  lines  a  and  /3  in  wing  sarcostyles  at 
this  stage;  and  if  the  outer  edge  be  preserved,  it  can  be 
seen  to  form  a  double  bulge  between  a  and  a, — i.e.^  it  is 
drawn  in  opposite  a  and  p,  but  less  deeply  at  /3  (photo.  30). 
Photo.  26  shows  the  surface  of  a  muscle  column,  of  which  one 
part  is  in  an  early  stage,  C,  and  another  part  in  a  late  B  stage. 

It  will  be  noticed  that  in  fibres  in  this  stage  C  of  contraction 
there  is  nothing  which  can  be  described  as  a  dim  band,  for  the 
halos  of  the  a  septa  light  up  the  whole  length  of  each  s^ment 
of  the  columns. 

At  a  bent  part  of  a  contracted  fibre  it  is  easy  to  trace  the 
transition  from  stage  C  to  more  advanced  stages  of  con- 
traction, both  along  and  across  the  fibre  (photo.  34).  In  pass- 
ing towards  the  more  contracted  parts  the  dots  forming  the 
dark  lines  at  P  become  smaller,  while  those  at  a  become  larger, 
until,  when  the  lines  a  occur  at  intervals  of  only  2  fi  or  less,  the 
line  p  is  very  faintly  marked  or  absent  This  stage  corresponds 
exactly  with  stage  D  of  the  wing  saroostyle.  There  is  now  a 
simple  alternation  of  dark  and  light  bands,  the  latter  being 
rather  the  broader.  The  dark  band  can  no  longer  be  easily 
resolved  everywhere  into  its  constituents,  the  lines  a  and  the 
sarcoplasmic  accumulations  (photos  32  and  33).  But  in  places, 
best  perhaps  in  living  or  steamed  fibres,  the  outlines  of  the 
muscle  columns  and  the  distribution  of  the  sarcoplasm  can  be 
clearly  seen  (photo.  31).  The  segments  of  the  columns  appear 
in  optical  section,  as  seen  in  the  longitudinal  view  of  a  fibre,  as 
bright  areas  about  2  /&  or  less  in  depth,  and  about  3*5  /i  in 
width,  the  side  walls  forming  simple  semicircular  curves 
between  the  ends  of  the  dark  a  septa,  just  like  the  optical 
section  of  the  sarcomeres  of  the  wing  fibril  in  this  same  stage  D. 
The  individual  columns  can  be  most  clearly  distinguished  in 
parts  where  they  have  undergone  some  longitudinal  dislocation : 
this,  which  is  rare  in  stages  B  and  G,  is  common  in  stage  A,  and 
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also  in  this  stage  D,  and  is  shown  in  photo.  31.  The  sarco- 
plasm  is  all  accmnolated  at  the  levels  of  the  a  septa,  and  it  is 
through  the  optical  fusion  of  these  masses  of  sarcoplasm  with 
the  dark  a  septa  that  the  appearance  of  a  dark  transverse  band 
is  produced,  and  it  is  especially  well  marked  when  the  sarco- 
plasm is  stained  (photo.  32).  If  the  appearance  of  a  fibre  in 
stage  D  be  compared  with  that  of  one  in  stage  A  or  stage  B,  it 
will  be  observed  that  the  phenomenon  so  often  described  as  the 
'reversal  of  the  striation'  has  been  brought  about  in  the  con- 
tracted fibre. 

The  appearances  described  above  as  characteristic  of  the  various 
stages  of  contraction  can  not  only  be  readily  observed  in  the  living 
fibres  (as  proved  by  photoa  19,  22,  27,  and  31) — for  though 
these  are  from  steamed  fibres,  the  appearances  are  exactly  the 
same  as  in  living  fibres,  as  I  have  already  said,  and  were,  in  fact, 
observed  in  the  case  of  the  fibres  photographed  before  the  appli- 
cation of  steam  to  the  cover-gljiss — ^but  they  comprise  all  the 
appearances  revealed  by  an  objective  of  high  resolving  power, 
such  as  the  2  mm.  apochromatic  of  Zeiss,  with  adequate  optical 
arrangements  and  accurate  focussing.  There  are,  of  course, 
various  strange  appearances  caused  when  the  parts  are  not 
accurately  focussed,  for  then  the  illumination  of  the  light  and 
dark  parts  is  largely  reversed.  But  that  the  various  distribu- 
tions of  the  sarcoplasm  that  I  have  described  in  the  living 
fibres  are  real,  and  not  due  to  optical  illusions  of  any  kind,  is 
proved  by  preparations  with  various  chemical  reagents  and 
stains.  Chromic  acid  '2  p.c.  usually  fixes  the  parts  with  absolute 
accuracy  as  far  as  the  longitudinal  view  of  the  fibres  is  con- 
cerned ;  and  the  sarcoplasm  may  then  be  stained  with  logwood, 
and  its  distribution  observed  in  longitudinal  sections.  Staining 
by  immersion  of  the  living  fibres  in  gold  chloride,  without  pre- 
vious immersion  in  acid,  gives  rather  uncertain  results,  because 
the  formic  acid  used  for  reduction  of  the  gold  salts  exerts  a 
powerful  deforming  action  on  the  muscle  columns.  Yet  in  thin 
sections  cut  from  muscle  prepared  in  this  way  and  embedded  in 
paraffin,  there  may  be  found  parts  in  which  the  normal  distri- 
bution of  the  sarcoplasm,  characteristic  of  all  stages,  is  retained. 
The  pictures  yielded  by  such  parts  are  sometimes  beautifully 
clear  (though  on  a  very  small  scale,  owing  to  the  shrinkage 
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caused  b;  deh^diaticm)  (see  photo.  29),  and  are  valmble  as 
corroborating  the  tenth  of  the  descriptions  of  tie  living  muscle 
fibres  in  which  the  optical  conditionB  are  so  much  more  com- 
plex. 

The  appearances  presented  by  transverse  sections  of  the 
muscle  fibres  are  in  accordance  with  those  of  longitudinal 
sections  or  surface  viawa  Transverse  sections  may  be  cut  from 
the  living  fibres  by  freezing  them  in  white  of  ^,  as  recom- 
mended by  Bollett  Or  good  sections  may  be  out  with  the 
freezing  microtome  from  fibres  fixed  by  steam  or  formaline,  and 
stained  on  the  slide  widi  Ic^wood.  In  sections  so  prepared,  the 
lines  of  ssrcoplasm  mn  out  radiidly  from  the  central  core  to 
the  periphery  without  any  breaks,  and  the  narrow  radial  un- 


stained sections  of  the  muscle  columns  also  ran  from  core  to 
periphery  without  any  break  or  intarmption.  In  sections  of 
extended  fibres  the  lines  of  sarcoplasm  can  be  focussed  down 
through  the  thickness  of  the  section  without  variations  in.  widtii, 
and  the  sections  of  the  muscle  columns  are  unifonnly  about  1*3 
to  1'5  fi'  in  width.  In  sections  of  fibres  in  other  stages  the  lines 
of  sarcoplasm  vary  in  width  with  alteration  of  the  focus ;  and  in 
sections  of  well  contracted  fibres  it  can  be  made  ont  that,  as  the 
focus  is  earned  downwards  through  the  section,  the  lines  of  sar- 
cophtsm  undergo  a  regular  variation,  being  very  narrow  at  some 
levels  corresponding  to  the  bulged  middles  of  the  segments  of 
the  columns,  and  being  much  broader  at  levels  altematii^  with 
these,  and  about  1  /*  or  less  difiTerent  in  depth  of  focus.  If  the 
focus  he  varied  very  carefully  about  this  latter  level  a  point  is 
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found  in  well-stained  sections  at  which  the  bright  areas,  the 
sections  of  the  muscle  columns,  appear  stained  also,  so  that  the 
field  appears  stained  almost  evenly  in  this  part.  This  last 
appearance  is,  of  course,  due  to  the  focus  being  accurately  at 
the  plane  of  the  darkly*stained  a  septa.  Photo.  35  shows  at 
the  parts  marked  in  the  key  the  appearances  oi  all  these  three 
f ocL  In  other  parts  a  fine  dark  line,  occasionally  two  lines^  can 
be  seen  running  through  the  bright  area  parallel  to  their  long 
sides ;  and  as  the  focus  is  varied,  this  line  passes  rapidly  across 
the  area.  It  is  therefore  probably  the  optical  section  of  a  trans- 
verse septum  in  the  muscle  column,  lying  slightly  obliquely  to 
the  plane  of  the  f  ocu& 


DESCREPTiaN  OF  THE  PHOTOGRAPHS. 

The  photographs  were  taken  with  the  2  xnin.  apochromatic  homo- 
geneous immersion  obj active  of  Zeiss,  with  projection  ocular  and  achro- 
matic sub-stage  condenser.  The  source  of  light  was  the  oxyhydrogen 
limelight  in  all  except  a  few  cases,  in  which  the  electric  arc  lan^  was 
used.  The  magnification,  except  in  the  few  cases  where  the  magnifi- 
cation is  given  below  the  photographs,  was  a  little  more  than  lOOO 
diameters.  To  see  all  the  details  given  in  the  photographs,  it  is  neces- 
sary to  examine  them  closely  in  a  good  light,  preferably  daylight 
The  parts  which  were  accurately  focussed,  and  to  which  I  wish  to 
draw  attention,  are  indicated  in  the  key  to  each  photograph  by  a 
slight  filling  in  of  the  outline  sketch.  It  should  be  remembered  that 
the  2  mm.  apochromatic  focusses  very  accurately  in  one  plane  only. 
Some  of  the  photographs  have  suffered  an  unavoidable  loss  of  definition 
in  the  jprooesses  of  reproduction. 

{To  be  continued,) 


A  RARE  CONDITION  OF  THE  VERMIFORM  APPEN- 
DIX.  By  A.  Francis  Dixon,  M.B.,  Chief  Demonstratar  of 
Anatomy,  Trinity  College,  IhMin. 

A  MALE  subject,  aged  50,  dissected  in  the  Anatomical  Depart- 
ment of  Trinity  College,  Dublin,  presented  what  must  be 
considered  to  be  a  very  rare  coudition  of  yermiform  appendix. 
This  process  was  not  only  of  unusual  length,  but  lay,  except  at 
its  very  commencement  and  termination,  on  the  posterior 
abdominal  wall  behind  the  peritoneum.  Its  direction  was 
vertically  upwards  behind  the  ascending  colon.  On  raising  the 
ascending  colon,  and  drawing  it  towards  the  middle  line,  there 
was  found  to  be  a  distinct  ascending  mesocolon,  which  was 
attached  to  the  posterior  abdominal  wall  along  a  vertical  line  ex- 
tending from  a  point  2  cm.  beyond  the  bifurcation  of  the  comm(Hi 
iliac  artery,  upwards  towards  the  region  of  the  second  part  of  the 
duodenum.  The  elongate  vermiform  appendix  lay  close  beside 
the  right  side  of  the  root  of  this  mesentery,  except  near  its 
distal  end,  where  it  was  turned  a  little  towards  the  right,  and 
away  from  the  root  of  the  mesocolon.  The  blind  end  of  the 
appendix,  which  was  somewhat  bulbous,  reached  just  to  the  level 
of  the  under  surface  of  the  liver. 

In  length  the  appendix  was  exactly  16*0  cm.,  and  it  was  easily 
demonstrated  to  be  pervious  throughout  its  entire  extent  by 
inflating  the  caecum  with  air.  Only  the  terminal  part,  which 
was  about  1*0  cm.  long,  was  completely  invested  by  the 
peritoneal  membrane ;  the  rest,  as  already  stated,  lay  behind  the 
peritoneum,  and  was  only  partly  covered  by  it. 

Just  at  the  point  where  the  free  portion  joined  the  fixed  part 
a  small  but  sharply  defined  fold  of  peritoneum  passed  upwards 
towards  the  under  surface  of  the  liver.  This  fold,  which 
appeared  to  enclose  a  feeble  fibrous  bcmd  or  cord,  was  found  to 
end  above  at  a  place  where  the  peritoneum,  covering  the  under 
surface  of  the  liver,  was  adherent  over  a  small  area  to  that  on 
the  anterior  surface  of  the  kidney.  The  diameter  of  this  area 
was  about  10  £m.    The  direction  of  the  peritoneal  fold  did  not 
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accurately  correspond  with  the  long  axis  of  the  appendix,  but 
was  more  oblique,  as  is  seen  in  the  drawing.  The  bulbous  por- 
tion of  the  vermiform  process  might  be  said  to  b^;in  just  above 
the  attachment  of  the  fold. 

In  seeking  an  explanation  for  this  curious  arrangement  of  the 
vermiform  appendix,  we  obtain  in  this  peritoneal  fold  the  key  to 
the  explanation  of  the  conditions  present.  It  would  appear  that, 
for  some  reason,  localised  peritonitis  in  utero  caused  an  adhesion 
of  the  peritoneum  covering  the  kidney  with  that  over  the  liver. 
At  a  time  when  the  caecum  was  undescended  the  vermiform 
process  lay  close  to  this  region  of  inflammation,  although  it  was 
probably  not  actually  involved  in  it,  even  superficially.  It  seems 
further  necessary  to  assume  that  even  at  this  early  period,  con- 
trary to  what  is  usually  found,  the  greater  part  of  the  appendix 
lay  behind  the  peritoneal  cavity.  If  this  were  so,  the  point 
where  the  appendix  came  forward  through  the  peritoneum  to  lie 
in  the  abdominal  cavity  would  be  well  fixed.  In  the  course  of 
development,  as  the  caecum  descended  towards  the  iliac  fossa, 
that  portion  of  the  peritoneum,  which  lay  over  the  area,  between 
the  region  of  inflammatory  adhesion  and  the  place  where  the 
appendix  became  completely  surrounded,  was  stretched  into  the 
ligamentous  fold  seen  in  the  adult.  At  the  same  time  the 
proximal  portion  of  the  appendix,  lying  between  the  caecum  and 
most  fixed  part  of  the  vermiform  process,  was  drawn  out  more 
and  more  until  it  assumed  the  elongated  form  found  in  the  adult. 
The  distal  part  of  the  appendix  lying  above  the  fixed  portion, 
and  completely  surrounded  by  peritoneum,  was  not  subjected  to 
this  strain  due  to  the  descent  of  the  caecum,  and  so  is  found  to 
have  a  bulbous  appearance  in  the  adult. 

The  somewhat  peculiar  form  of  caecum  present  is  compatible 
with  this  tension  theory  for  the  elongated  vermiform  process  seen 
in  this  subject.  The  caecum  is  very  sharply  bent  upon  itself ;  and 
its  true  apex,  where  the  three  longitudinal  muscular  bands  come 
together,  is  directed  vertically  upwards  behind  the  rest  of  the 
colon,  and  lies  a  little  above  the  level  of  the  ilio-caecal  opening. 

With  regard  to  the  length  of  the  appendix,  which  we  have 
already  stated  was  16*0  cm.,  we  note  that  Treves,^  from  an 

^  "  Anatomy  of  Intestinal  Canal  and  Peritonenm  in  Man,"  EwUirian  Leeturm, 
1886. 
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examimUaon  of  100  caaee,  giree  the  extremes  in  lei^th  as  b^ng 
1  inch  and  6  inches  (15'2  cm.).  Ben?,'  in  a  similar  Dunba  of 
cases,  toand  the  appendix  in  two  qtecimeoe  13*3  cm.  in  length. 


DMwing  to  fliwtnto  »  iwe  eonditMii  of  tlw  TeTBifana 
Appendix,  The  oeeam  and  Moending  oolon  fatre  been 
ndBsd  and  tamed  tinnida  the  r^t,  and  Ae  dowata 
aHiwidHbaMO  psMii^iqnniditoiwaidi  the  liver.  From 
apdnt  jnafbelov  the  wmeirhatbiilboia  teiminal  p«rt  of 
tM  Teroifmn  oroceM  a  fold  of  perituaeMii  iaaMi  P*m|iiS 
npwaids  tomnb  the  diuIbt  larface  of  the  Utbt,  and  tnhiiia 
me  gkD-Uadder.    1^  the  left  of  Sie  appendix  liOkeaBoeDd- 


'  "Tb»    .iaatony  erf   the  TemilanB   Appendiz,'  jfnatoMlnKar  Jiutifir, 
Baud  z.,  IMS,,  p^  762. 
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and  be  lefeia  to  a  spedmen  19  cm.  long  recorded  by  Banaoboff, 
and  anotber  23  am.  in  lengtb.  From  tbe  nnmber  of  obeervations 
-which  bare  been  recorded  on  the  length  of  the  appendix  we  may 
safely  say  that  only  Tery  rarely  does  it  exceed  150  cm.  in  length. 

Perhaps  the  most  remarkable  fact  noticed  with  r^ard  to  the 
vermif (»m  prooess  in  this  sabjeet  was  its  xdatian  to  tbe  peri- 
tonenm.  Hie  yariations  in  the  normal  arrangement  of  the 
peritonemn  in  connection  with  the  appendix  have  received  care- 
ful attrition  from  Treyes  and  Berry.  The  former  considers  that 
in  some  casts  tbe  appendix  loses  its  mesenteiy,  and  becomes 
enclosed  in  the  same  fold  as  the  csecom.  The  latter,  however, 
is  of  opinion  that  "  the  appendix  is  always  entirely  surrounded 
by  peritoneum,  and  th^  it  always  has  a  mesentery :  any  possible 
exertion  is  probably  pathological,  cmd  in  any  case  extremely 
rare.''^  As  mentioned  above,  it  seems  probable  that  even  at  a 
very  early  sti^e  in  the  development  of  this  subject,  the  greater 
part  of  tbe  appendix  lay  behind  the  peritoneam,  just  as  it  did  in 
the  adult 

Lastly,  with  regard  to  the  position  of  the  appendix,  Treves 
states  that  in  18  per  cent  of  his  cases  the  process  passed  vertically 
upwards  behind  the  caecum.  In  four  the  tip  of  the  process  came 
near  to,  if  not  into  actual  contact  with,  the  under  surface  of  the 
liver.  He  does  not  state  whether  in  these  cases  the  appendix 
lay  to  the  left,  or,  as  in  this  subject,  to  the  right  ot  the  aseend- 
ing  colon  or  its  mesentery. 

1  aid,,  p.  7«7. 
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CASE  OF  COMPLETE  TRANSPOSITION  OF  VISCERA.  By 
RiCHABD  Caton,  M.D.y  F.R.C.P.,  Physician^  Liverpool  Boyal 
Infirmary, 

W.  B.,  aged  36,  bieweiy  labourer,  was  admitted  to  one  of  my 
wards  on  12th  December  1396,  suffering  from  acute  rheumatism, 
mitral  disease,  albuminuria,  and  delirium  tremens. 

On  examining  the  thorax  anteriorly,  no  dulness  was  found  on  the 
left  side  above  the  sixth  rib,  and  only  feeble  and  distant  cardiac 
sounds  were  audible  on  auscultation.  On  the  right  side  a  roughly 
triangular  area  of  dulness  was  found,  bounded  below  by  the  sixth  rib, 
and  extending  in  the  fifth  space  two  and  a  half  inches  to  the  right  of 
the  sternum ;  its  superior  angle  rising  to  the  fourth  cartilage.  The 
apical  cardiac  impulse  was  felt  about  two  and  a  half  inches  from  the 
middle  line  on  the  right.  The  cardiac  sounds  were  heard  here  dis- 
tinctly, also  a  systolic  bruit,  audible  some  distance  into  the  right 
axilla.  An  accentuated  second  sound  heard  at  the  lower  end  of  the 
sternum  was  supposed  to  arise  from  the  pulmonary  valve.  On 
examining  the  abdomen,  no  hepatic  dulness  ^  found  on  the  right 
side;  but  on  the  left,  below  the  sixth  rib,  an  extensive  dull  area 
stretched  from  the  ensiform  cartilage  to  the  axilla. 

The  patient  is  left-handed. 

The  case  terminated  fatally  on  the  17th  December.  Autopsy  on 
the  18th. 

The  brain  was  normal,  but  the  convolutions  of  the  Rolandic  area 
were  remarkably  complex  on  the  right  side.  The  longitudinal  sinus 
joined  the  left  lateral  sinus. 

On  opening  the  thorax,  the  apex  of  the  heart  was  found  lying 
about  four  inches  to  right  of  the  middle  line.  A  short  right  aortic 
arch,  passing  directly  back  to  the  right  of  the  spinal  column,  was 
found  continued  downwards  in  l^at  relation  to  the  column.  A  left 
innominate  artery,  and  right  common  carotid  and  subclavian.  Ductus 
arteriosus  well  marked,  not  patent.  The  front  part  of  the  heart  con- 
sisted of  right  auricle  and  ventricle,  a  small  portion  of  the  left,  or 
systemic,  ventricle  being  visible  on  the  right.  The  left  lung  consisted 
of  three  lobes,  the  right  of  two,  the  bronchi  being  transposed.  The 
right  bronchus  passed  under  the  arch  of  the  acniA. 

On  opening  the  abdomen,  the  liver  was  seen  lying  on  the  left,  and 
the  stomach  protruding  to  the  right,  the  pylorus  being  transposed. 
The  spleen  was  on  the  rights  forming  one  mass,  instead  of  being 
in  several  detached  and  scattered  portions  as  in  most  cases  of  trans- 
position. The  horse-shoe  curve  of  the  duodenum  and  the  pancreas 
were  transposed,  as  also  were  the  sigmoid  flexure,  csBcum,  and  rectum. 
The  left  kidney  was  lower  than  the  right,  and  the  right  testis  lower 
than  the  left.  I  have  to  thank  Professor  Boyce,  Dr  K  A.  Smith, 
medical  tutor,  Dr  Gullan,  my  house-physician,  and  Mr  G.  G. 
Lawson,  clinical  clerk,  for  aid  in  recording  this  case. 


^  ON  THE  REGENEEATION  OF  ]!^RVES.   By  Robbrt  Krnnbdy,  ^ 
M.A.,    B.Sc,   M.D.    Glasgow,     (Commnnicated    by   Professor 
M'Kendbige,  F.R.S.,  to  the  Royal  Society  of  London,  and  read 
February  11,  1897.) 

The  author  treats  the  subject  under  the  following  heads : — 

I.  A  short  historical  and  critical  review  of  the  books  and  papers 

which  have  appeared  on  the  subject  from  the  time  of  Cruik- 
shank  (1776). 

II.  Clinical  reports  ef  four  cases  oi   secondary  suture  of  nerves 
as  follows : — 

1.  Suture  of  the  median  and  ulnar  nerves  six  and  a  half  months 
after  division  in  the  middle  of  the  forearm*  There  was  total  loss  of 
sensation  and  motion  in  the  distribution  in  the  hand,  and  marked 
atrophic  changes.  Three  days  after  the  operation,  sensation  com- 
menced to  return ;  by  the  nineteenth  day  touch  was  correctly  localised 
on  all  parts  of  the  fingers  \  and  by  the  end  of  the  first  month,  sensa- 
tion was  almost  perfect.  Improvement  in  motion  was  slow  and 
imperfect 

2.  Suture  of  the  median  three  months  after  complete  division 
above  the  wrist.  Sensation  was  lost  in  the  median  distribution,  and 
opposition  of  the  thumb  was  impossible.  There  was  marked  atrophy 
of  the  thenar  eminence.  Two  days  after  the  operation,  sensation 
commenced  to  return.  Both  sensation  and  motion  speedily  improved, 
and  by  the  end  of  a  year  recovery  was  almost  perfect. 

3.  A  case  in  which  the  median,  musculo-spiral  and  ulnar  were 
involved  in  cicatricial  tissue  at  the  seat  of  fracture  at  the  elbow 
joint;  excision  of  portions  from  median  and  musculo-spiral,  and 
suture  two  months  after  accident.  There  was  total  ansesthesia  in 
the  distribution  of  the  affected  nerves,  and  paralysis  of  the  muscles. 
Sensation,  after  the  operation,  commenced  to  return  on  the  fourth 
morning,  but  made  slow  progress.  The  case  was  imd«r  observation 
for  six  weeks  only,  at  which  time  no  improvement  had  occurred  in 
(motion,  but  sensation  was  present  in  the  fingers. 

4.  Suture  of  tiie  ulnar  nerve  eighteen  months  after  division. 
Sense  of  pain  was  totally  lost  in  the  ulnar  distribution.  Five  days 
after  the  operation,  sense  of  pain  returned  in  the  little  finger,  and 
by  six  weelui  sensation  was  almost  perfect,  although  motion  had  not 
improved* 
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III.  Deductions  from  the  resalto  of  operation. 

From  the  above  reenlts  the  author  concludes  that  the  early  return 
of  sensation  must  be  regarded  as  indicating  a  restored  conductivity 
of  the  divided  nerve.  He  holds  that  the  theories  which  have 
hitherto  been  advanced  to  account  for  early  return  of  sensation  apart 
from  reunion  of  the  nerve,  are  inapplicable  to  eases  where  early 
return  of  sensaticm  occnn  from  suture,  performed  after  the  lapse  of 
several  months  from  the  time  of  section.  The  imperfect  return  of 
motion  he  takes  to  be  fully  explained  by  the  fact  that  the  muscles 
have  undergone  great  tropluc  change,  or  indeed  total  destruction,  and 
that,  therefore,  their  restitution  must  be  slow,  or  may  even  be  im- 
possible. 

rV.  Microscopical  examination  of  the  p(^ons  removed  previous 
to  sutureu 

Both  the  central  and  peripheral  ends  of  nerves  which  had  not  re- 
united in  any  way,  contained  young  nerve  fibres  grouped  in  bundles, 
each  bundle  containing,  as  a  rule,  many  fibres.  The  fibres  contained 
an  axis-cyHnder  lying  in  the  centre  of  a  clear,  well-defined  zone, 
which,  again,  contained  a  granular,  myeline  deposit,  while  spindle- 
shaped  nuclei  were  attached  to  the  sides  of  the  fibres  at  frequent 
intervals.  Where  the  ends  of  the  nerve  were  united  by  a  cicatricial 
segment  without  conductivity  being  restored,  the  examination  of  the 
segment  showed  a  dense  network  of  connective  tissue,  containing  in 
its  meshes  bundles  of  young  fibres. 

The  portions  excised  from  the  nerves  involved  at  the  seat  of  frac- 
ture showed  at  their  central  ends  a  normal  structure,  but  elsewhere 
no  trace  of  old  myeline  fibres,  nor  of  degenerated  fibres ;  but  the 
section  was  made  up  of  young  fibres  in  bundles,  which  bundles  were 
of  only  slightly  greater  diameter  than  the  old  myeline  fibres,  and  often 
surrounded  by  a  delicate  sheath.  At  the  point  of  transition  from  old 
to  young  fibres,  many  of  the  old  myeline  fibres  contained  an  enlarged 
nucleus,  with  one  or  two  distinct  young  fibres  lodged  between  the 
sheath  of  Behwann  and  the  myelme  ^eath.  In  other  cases  the 
number  of  young  fibres  lying  in  a  similar  position  was  greater,  AH 
stages  up  to  complete  replacement  of  the  old  myeline  sheath  and 
axis-cylinder  by  young  fibres  were  found. 

y.  Deductions  from  the  microsoojacal  examination. 
!•  Degeneration. — 

ifl)  Thai  these  is  no  evidence  61  ascending  degoneratlon  ol  the 
kind  described  by  Krauee  after  interruption  of  a  nerve. 

{b)  That  the  old  axis-cjlinder  and  myeHne  sheath  are  deriiiGfyed  in 
the  peripheral  '»g*"^"^  *^  ^  ^  wliatnai^  portion  of*  the  central 
Mgmenit 

2.  BegeneratioB. — 

(a)  That  young  nerve  fibres  are  developed  in  the  peripheml  seg- 
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ment^  as  well  as  in  the  end  of  the  central  segment^  and  that  even 
whfle  there  ia  no  connection  between  the  two  ends. 

(b)  That  these  young  nerve  fibres  originate  within  the  old  sheath 
of  Schwann  from  the  protoplasm  and  nucleus  of  the  interannular 
aegmenl  The  spindle-cells  formed  from  the  protoplasm  and  nuclei 
of  the  interannular  segments  elongate  and  unite  to  form  protoplasmic 
threads,  with  the  elongated  nuclei  attached  to  their  sides.  The 
central  portion  of  the  protoplasmic  thread  develops  into  the  iois- 
cyHnder,  -while,  myeline  is  deposited  in  drops  in  the  protoplasm 
sorroonding  the  newly  formed  axis-cylinder.  The  protoplasm  in 
which  the  myeline  ia  deposited  remains  with  the  nucleus  as  the  neuro- 
blast of  the  new  interannular  segment. 

(c)  That  so  long  as  conductivity  of  the  nerve  is  not  re-established, 
the  development  of  the  fibres  proceeds  only  to  a  certain  stage ;  and  as 
the  new  fibres  three  months  and  eighteen  months  subsequent  to 
division  present  identical  characters,  this  stage  may  be  regarded  as  a 
resting  stage,  depending  for  its  further  development  on  re-estabhsh- 
ment  of  fcmction. 

(d)  That  cicatricial  intercalary  segments  reuniting  the  ends  of  a 
divided  nerve  may  be  permeated  by  young  fibres  from  end  to  end 
without  re-establishment  of  function,  if  the  amount  of  cicatricial 
connective  tissue  present  in  the  mass  is  sufficient  by  its  pressure  to 
prevent  the  passage  of  impulses,      r 
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[The  ftothor  of  this  report  will  fad  gmtlj  oUiged  if  writen  on  tentologieil 
lobjecifl  win  simply  him  with  reprints  of  their  iMfmmnniratiffniT,  Car  ose  in  the 
preparation  of  nitare  reports,] 

L  GLAfiSmCATION. 

Ths  subject  of  teratological  classification  is  at  present  in  so  chaotic  a 
condition  that  one  welcomes  any  effort  to  reduce  it  to  order,  and  two 
papers  with  this  end  in  view  have  recentiy  appeared.  The  first  of 
these  by  Blahc  (L)  commences  by  giving  an  account  of  the  vanous 
schemes  of  classification  which  have  been  proposed  up  to  the  present 
date.  The  defects  of  each  are  indicated,  and  reasons  given  to  aocoimt 
for  the  extreme  difficulty  which  besets  the  task  of  compiling  a  dassifi' 
cation  of  the  kind.  It  may  here  be  remarked  that  tiie  author  does 
not  appear  to  have  met  with  the  classification  proposed  by  Professor 
Cielimd  some  years  ago,  in  Memoirs  and  Memoranda  on  Anatomy, 
In  constructing  his  own  scheme,  the  author  starts  with  the  axiom  that 
abnormal  forms,  even  more  than  isoological  species,  are  united  to  one 
another  by  insensible  links,  binding  together  the  chain  which  com- 
mences with  the  normal  form  and  terminates  with  the  most  extreme 
form  of  abnormality.  He  considers  that  the  linear  form  of  classifica- 
tion is  inadequate,  and  that  the  better  form  of  grouping  resembles  a 
genealogical  tree,  divided  by  a  dichotomous  process.  The  trunk, 
whether  single  or  double,  represents  one  or  several  parallel  series 
leading  to  the  maximum  of  the  malformation,  and  the  branches  are 
the  secondary  deviations  which  modify  one  or  other  type  of  the  series. 
This  method  he  thinks  is  particularly  applicable  to  the  classification 
of  double  monstrosities,  and  in  dealing  with  this  class  he  includes 
therein  all  forms  in  which  the  subject  contains  double  organs  forming 
part  of  a  series  which  leads  up  to  obvious  double  monstrosity :  thus  a 
duplicity  of  the  bucco-nasal  region  is  for  him  a  double  monstrosity. 
Further,  he  bases  his  classification  on  the  point  which  he,  in  common 
with  the  distinguished  French  teratologist)  M.  Camille  Dareste,  but 
in  opposition  to  most  other  teratologists,  considers  to  be  undoubted, 
viz.,  that  all  double  monstrosities  arise  in  a  single  ovum  with  two 
nuclei ;  that  is,  that  all  duplicity  is  original,  and  that  the  various  forms 
thereof  are  produced  by  a  greater  or  lesser  amount  of  subsequent 
fusion.  M.  Blanc  ib  prepared  to  push  this  view  to  its  logical  conclu- 
sion, for  he  points  out  that  the  form  of  the  double  monster  is  deter- 
mined by  the  epoch  at  which  the  two  nuclei  or  their  products  come 
into  contact,  which  may  be  (a)  after  the  two  embryos  have  made 
considerable  progress  in  development ;  (fi)  when  they  are  commencing 
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development ;  {c)  before  the  embryo  has  appeared.  In  the  last-men- 
tioned case  there  is  always  more  or  less  atrophy  of  the  halves  in 
contact^  and  this  process  of  regression  may  lead  to  the  almost  total 
disappearance  of  one  of  the  embryos.  Thus  he  postulates  the  original 
potentiality  of  complete  duplicity  even  in  such  forms  as  diphallus, 
dirhinus,  and  dignathus.  The  scheme  of  his  classification,  without 
details,  is  as  follows : — 

Abnonnal      forma  ("^"^^Vl^  y^Pj^  ""^  q^'^ple  monsters. 
^M  vxixMui      xi^iuo  I  r  DQ^^jjg  monstere. 

ST^^"^^  ^S.\  I  Homologous  twins,  weU  or  ill  formed, 

ovum    witn  |  gjjjgj^     ...AbnonxMj  individuals  (Monstres  uni- 


•  \  taires). 


In  dealing  with  the  last  of  the  divisions,  it  is,  he  thinks,  impossible 
to  use  any  classification  based  on  the  physiological,  anatomical,  or 
aesthetic  gravity  of  the  condition.  The  classification  must  be  formed 
by  dealing  with  each  organ  or  system  separately,  and  under  the  follow- 
ing heads : — 


Anomalies  of  Growth,    , 
Anomalies  of  Formation, 

Anomalies  of  Evolution, 
Lesions  and  Diseases. 


Defiact. 

Excess. 
'Defect. 

Excess^ 

Vice. 

Defect* 

Excess. 
^Vice. 


Tartjffi  (ii.),  after  a  critical  examination  of  some  of  the  schemes  of 
classification  at  present  more  or  less  in  use,  gives  the  following 
arrangement  for  double  forms,  which  is  here  given  in  extenso,  in  the 
hope  that  it  may  be  of  service  to  teratologists  working  at  this  difficult 
subject : — 

Twins  contained  in  a  single  chorion  (Terata  Polisomata). 

Group  I.  The  twins  are  separate  from  one  another. 

Fam.  1.  True  twins  (Homologe  Zwillinge,  Ahlfeld ;  Disomi  mono- 

cori,  Taruffi). 
Fam.  2.  Twins  whose  umbilical  vessels  anastomose.      One  twin 
wants  head  and  hearty  or  possesses  some  defective  part 
(Acephali,  Mappo  Marco,   1687;    Allantois-parasiten, 
Ahlfeld ;  Disomi  omphalopaghi,  Taruffi). 
Gea  a.  One  twin  has  head  and  heart  defective  (Paracephalus, 
L  G.  St  Hilaire). 
Sp.  1.  One  twin  has  defective  head  and  no  arms  (P.  dipus, 
Taruffi). 
Yar.  cu  The  defective  twin  has  a  heart  (P.  dipus  cardiacu% 

Taruffi). 
Yar.  p.  The  defective  twin  has  no  heart  (Gefalo-acardiacus, 
Calori ;  P.  dipus  acardiacus,  Taruffi). 
Sp.  2.  One  twin  has  defective  head,  and  neither  heart  nor 
limbs  (Heteroide,  Pictet;  P.  apus,  Taruffi). 
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Sp.  3.  One  twin  has  imperfect  head  and  rudimentazj  trank 
( Aoonmu,  Foister ;  P.  pBeodoaconnos^  Taruffi). 
Qen,  b.  One  twin  ia  deatitate  of  a  head  (Aeephalns,  Breacet). 
Sp.  1.  Thia  twin  faaa  thorax  and  limbs  (A.  thoroa,  Tamffi). 
Var.  a.  Has  thorax  and  heart  (A.  thoroa  cardiacna,  Taioffi). 
Yarr)3.  Haa  thorax,  bat  no  heart  (A  thoroa  acaidiacaa, 
Taruffi). 
Sp.  2.  The  twin  without  head  or  thorax  has  lower  extremities 

(A.  athorosi  Brescet). 
Sp.  3.  The  twin  has  only  pelvis  and  lower  extremities  (A. 
gastrus,  Brescet;  A.  psettdo-acormns,  Taruffi). 
€^n.  c  One  twin  possesses  no  approach  to  the  normal  form 
(Am(»rphnS|  Ourlt). 
Sp.  1.  Has  a  globose  form,  with  rudimentary  limbs  (Mykce- 

phalus,  L  G.  St  Hilaire). 
Sp.  2.  Has  a  globose  form,  without  any  limb  rudiments  (Ani- 
deus,  L  G.  St  Hilaire). 

Group  IL  Twins  with  united  bodies  (Disomi  sineriti,  Taruffi). 
Ord.  A.  Twins  symmetrically  united  (D.  simmetrici,  Taruffi). 
Fam.  1.  United  principally  by  the  head  (Sycephalus,  I.  G.  St  H.; 
Syncephalus,  Forster,  Taruffi). 
Gen.  a.  United    only  by  the    head    (Graniopagos,    Forster, 
Taruffi). 
Sp.  1.  Union  by  sinciputs  (Acrocephalus  pagus,  Taruffi). 
Sp.  2.  Union  by  occiputs  (Iniopagus,  Taruffi). 
Sp.  3.  Union  by  foreheads  (Metopagus,  Taruffi). 
Gen.  h.  United  by  head  and  thorax  (S.  torocopagus,  Taruffi). 
Sp.  1.  The  two  faces  are  laterally  united,  and  turned  more 
or  less  to  the  abdominal  side.     The  two  trunks 
are  united  as  low  as  the  umbilicus  (Hemipagus, 
I.  G.  St  H. ;   Octopus  symphiocephalua,  Gurlt ; 
S.  diprosopus  monof^us,  Taruffi). 
Yar.  a.  Four  eyes  (S.  diprosopus  tetrophthalmus,  Taruffi). 
Var.  j9.  Three  eyes  (S.  diprosopus  trioftalmus,  Tamffi). 
Yar.  y.  Two  eyes,  but  obvious  evidence  of  two  heads 
(S.  diprosopus  dioftalmus,  Taruffi). 
Sp.  2.  The  two  faces  are  opposite  and  symmetrical  (Jani- 
ceps,  Zshokke;  J.  symmetros,  Forster;  J.  teleus, 
Taruffi). 
Sp.  3.  One  of  the  two  opposed  faces  is  imperfect  (Octopus, 
Gurlt ;  J.  asymmetros,  Forster ;  J.  ateleus,  Taruffi). 
Yar.  a.  The  imperfect  face  has  only  a  median  eye  (J. 

cyclopus,  Taruffi). 
Yar.  p.  The  imperfect  face  only  possesses  rudiments  of 
two  approximated  ears  (J.  synotus,  Taruffi). 
Sp.  4.  Twins  with  one  head  and  face  and    two  trunks 
(Octopus  biauritus,  Gurlt;  Monocephalus,  I.  G. 
St  H. ;  Synceph.  monoprosopus,  Taruffi). 
Gen.  c.  Twins  with  head  and  thorax  single,  and  two  more  or 
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less  complete  pelves.      (The  vertebral  column  is 
doubled  posteriorly.)      (Ileadelphus,  I.  G.  St  H. ; 
Synceph.  dilecanus,  Taru£S.) 
Sp.  1.  Two  pelves  attached  laterally  to  the  vertebral  column, 
with  indications  of  posterior  duplicity  (Dilecanus 
dipleurus,  Taruffi). 
Yar.  CL  Two  pelves  so  far  apart  as  to  allow  of  four  limbs. 
Sacrum  single,  but  with  indications  of  duplicity 
(D.  dipleurus,  Taruffi). 
Var.  )3.  Two   pelves  represented  only  by  the   external 
ilium  of  each.    Hypothetical  variety  in  cases  of 
double  penis  or  vulva  (D.   dipleuius  dipus, 
Taruffi). 
Sp.  2.  The  ilia  of  one  pelvis  are  united  by  the  divaricated 
pubes  with  those  of  the  other,  so  as  to  form  one 
laige  cavity,  on  the  (^posite  sides  of  which  lie  the 
two  sacra  (D.  ibipagus,  Taruffi). 
Yar.  a.  Each  pelvis  has  its  ilia  and  acetabula  complete 

(D.  ibipagus  tetrapus,  Taruffi). 
Yar.  p.  Each  pelvis  has  only  its  external  ilia  complete ; 
the  internal  are  incomplete,  and  bear  a  single 
acetabulum  (D.  ibipagus  tripus,  Taruffi). 
Fam.  2.  Twins  united  principally  by  the  pelves  (Dicephalus, 
Haller;  Lecano-pagus,  Taruffi). 
Gen.  a.  Possessing  all  the  usual  limbs  (L.-p.  tetrabrachius  et 
tetrapus,  Taruffi). 
Sp.  1.  United  by  ossa  innominata,  so  that  a  single  pelvic 
cavity  is  formed  (Isehiopagus,  I.  G.  St  H.). 
Yar.  a.  Disposed  around  one  median  axis  (I.  dichordus 

eutygrammus,  Taruffi). 
Yar.  /3.  Axes  converge  inferiorly  (L  dichordus  catagoni- 
odes,  Taruffi). 
Sp.  2.  United  by  region  of  nates  (Fygopagus,  I.  G.  St  H.). 
Gen.  h.  Twins  united  by  pelvis  and  thorax,  or  directly  by  the 
vertebral  columns  (Stemo-pelvididymia,  Gruveil- 
hier ;  Lecano-somato-pagus,  Taruffi). 
Sp.  1.  United  by  pelves  and  thoraces,  axes  parallel,  four 
upper  and  lower  limbs  (Somatopagus  parallelus, 
Taruffi). 
Sp.  2.  United  by  pelves  and  thoraces,  three  lower  exts. 
(Ischiodymia  trimeliana,  Serres ;  Dicephalus  tripus, 
Forster ;  Somato-catagonioides  tripus,  Taruffi). 
Yar.  a.  Three  lowers  and  four  uppers  (S.-c.  tripus  tetra- 
brachius, Taruffi). 
Yar.  p.  Three  lowers  and  three  uppers  (S.-c.  tripus  tri- 
brachius,  Taruffi). 
Sp.  3.  United  by  pelves  and  thoraces,  with  two  lower  ex- 
tremities (S.-C.  dipus,  Taruffi). 
Yar.  a.  Dicephalus  tetrabrachius,  Forster;  Dipus  tetra- 
brachius, Taruffi. 
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Var.  p.  DicephalastribrmchiiMyFonter;  Bipustribrachias, 

Taniffi. 
Yar.  y.  Derodiaiufl,   L    G.    Bt   H. ;    Dipos  dibrachius, 
Taniffi. 
Gan.  &  Uoited  bj  pelres  and  thoiaccs^  and  having  two  heads 
united  laterally  (Monoaomna,  I.  G.  St  H. ;  Lecano- 
pagus  diproaopus,  Taraffi). 
Sp.  1.  One  body  with  two  heads  laterally  onited,  and  con- 
verging 80  aa  to  form  an  angle  with  its  apex 
below.     Each  £ace  has  two  orbits  (Iniodymus, 
I.  G.  St  H. ;  Diprosopns  tetrophthalmus,  Taruffi). 
8p.  2.  Onebody  with  two  heads  joined  laterally,  and  converg- 
ing to  form  an  angle  with  its  apex  above,  so  that 
there  is  only  room  for  three  orbits  (Diprosopns 
triophthalmus,  Taruffi). 
Sp.  3.  One  body  with  a  single  head  rather  larger  than  usual, 
with  two  eyes,  two  nosea,  and  one  or  two  mouths 
(Diproaopua  dii^thalmus,  Taruffi). 
Fam.  3.  Twins  united  by  epigastria  or  thoraces  (Thoracopagus, 
Foister). 
Gen.  a.  Union  by  epigastria  and  xiphoid  cartilages  (Xipho- 
pagus, L  G.  St  H.). 
Gen.  b.  Union   by  epigastria  and  separated  sterna  (Stemo- 
pagos,  I.  a  St  H.). 
Sp.  1.  i^h  has  two  arms  (S.  tetrabrachius,  Taruffi). 
Sp.  2.  The  twins   are   rotated    somewhat    externally  and 
possess  three  arms,  one  of  which  is  median  and 
posterior    (Ect<^)agus^    L    G.   St  BL ;   S.   tribra- 
chius,  Taiuffi). 
Sp,  3.  Still  further  rotated  externally,  and  possessing  each 
only  one  arm  (S.  dibrachius,  Taruffi). 


IL  EXPERIMSNTAL. 

Eastneb  (iii.)  gives  an  aeooont  of  a  series  of  experiments  on  hens' 
eggs,  during  the  incubation  of  which  the  artificial  heat  was  cut  off  for 
a  longer  or  shorter  time,  and  the  eggs  allowed  to  rest  at  the  tempera- 
ture of  the  room  in  which  the  apparatus  stood.  In  a  further  paper 
(iv.)  he  gives  more  fully  the  results  of  these  experiments.  If  the 
unbroken  temperature  does  not  fall  more  than  7"  G.  under  28*  G.,  the 
maximum  period  for  which  the  artificial  heat  can  be  cut  off  is  at  the 
commencement  of  the  eacliest  stages  of  development  3  weeks,  at 
the  end  of  the  same  6  days,  at  the  6th  day  72  hours,  at  the  9th  day 
48  hourSv  in  the  second  half  of  development  up  to  its  termination  24 
hours.  He  thinks  that  the  injury  to  the  embryo  is  due  to  mechanical 
causes,  the  cooling  of  the  yellow  yolk  causing  the  embryo  to  be  pressed 
against  the  vitelline  membrane,  to  which  it  partly  adheres.  This 
explains  why  such  injuries  occur  in  the  eaxly  stages  when  the  embryo 
is  unprotected  by  the  amnion  and  in  the  horizontal  position,  but  not  in 


SKVENTH  SKPORT  ON  BBCENT  TERATOLOGIGAL  LTTKRATURX.    455 

the  Ywtical,  ainee  in  tiie  latter  it  is  eared  by  the  air-space.    Namscoas 
Tatieties  ai  malfoniiationa  weie  met  with,  such  as  deficient  f ormatioii 
ef  the  blood-islaiidi  in  the  area  Tascalosa,  total  atrophy  of  the  embryo, 
hydrops,  arrest  of  development  of  the  head,  hearty  and  anterior  amni- 
otic f okk,  with  the  f ormatioa  of  Yarions  abnormal  clefts.     O.  Hbrtwio 
(▼.)  allndes  to  the  fact  that  he  and  Morgan  have  shown  that  frog-ova 
hatched  in  a  -6  per  cent,  solution  of  salt  gastnilated  abnormally.     In 
the  ezpenmantB  detailed  in  the  present  paper,  the  ova  of  Siredon  pisd- 
fcrrais  were  hatched  in  solutions  varying  in  strength  from  *5  to  *8  per 
cent     In  many  ways  the  results  obtained  agreed  with  the  observations 
made  upon  the  frog-ova,  but  there  were  some  marked  differences.    The 
gastnilation  process  was  much  interfered  with  in  the  case  of  the  frog, 
but  not  in  that  of  the  axolotl,  perhaps  because  the  ova  were  placed  in 
the  solution  at  a  later  stage  of  development    Again,  in  the  frog,  as  a 
rule,  only  the  cerebral  part  of  the  neural  tube  is  a£Eected,  whilst  in  the 
axolotl  all  parts  save  that  lying  in  the  tail  suffered.     The  effect  was 
most  commonly  exerted  on  the  last  three  brain  segments,  the  anterior 
pair  being  sometimes  quite  or  nearly  closed.     In  all  cases  the  optic 
and  otic  vesicles  were  formed.     In  higher  grades  of  injury,  the  failure 
to  close  extended  as  far  as  the  tail     In  the  axolotl,  the  development 
of  the  BBst  of  the  body  excepting  the  nervous  system  was  practically 
normal ;  in  the  frog,  as  the  result  of  the  defective  gastnilation,  there 
were  many  other  disturbances  of  development.     Small  changes  in  the 
strength  of  the  solution  made  a  great  difference  in  the  results :  thus  '5 
per  cent  had  little  effect,  '6  per  cent  considerable,  and  *7  per  cent 
one  still  greater.     The  author  points  out  that,  in  a  former  communica- 
tion (Report  iiL,  this  Joumud,  voL  xxviL),  he  has  called  attention  to 
the  relation  between  known  human  abnormalities  and  those  artifici- 
ally obtained  in  amphibians,  and  thinks  that  the  results  now  given 
may  point  to  the  fact  that  a  poison  of  some  sort,  such  as  alcohol  or  a 
toxin  circulating  in  the  mother's  blood-vessels,  may  produce  malforma- 
tions in  the  embryo.     Wetzel  (vi.)  has  used  Schultze's  method  with 
frog-ova  (described  in  Areh.  /.  IktvnMvaigsmechy  Bd.  i.  hf t  2),  which 
consists  in  placing  the  ovum,  with  the  white  pole  downwards,  between 
two  glass  plates,  which  exert  firm  pressure  upon  it,  and  then,  dnring 
the  formation  of  the  first  line  of  segmentation,  twisting  it  round,  so 
that  the  white  pole  comes  uppermost     The  glass  plate  must  be  quite 
horizontal,  and  the  axis  of  the  ovum  exactly  vertical    According  to 
Schultse,  all  forms  of  double  monstrosities  are  produced  from  eggs  so 
dealt  with.     In  some  cases  Wetsel  found  no  duplicity,  but  he  describes 
double  monsters  united  side  by  side,  and  also  one  case  of  triplicity  ob- 
tained by  this  method.     The  paper  contains  figures  of  some  of  these 
moDstera,  and  of  sections  through  them  at  the  third  day  of  their 
development     Gharrik  (vii.)  having  injected  various  toxins  (mallein, 
tuberculin,  etc.),  and  subsequently  a  culture  of  pyocyanic  bacillus,  into 
pregnant  cavies  and  rabbits,  with  a  view  of  ascertaining  whether  they 
woiild  pass  into  the  embryo,  found  that  inoculations  made  from  the 
foetuses,  after  aseptic  removal,  produced  cultures,  but  not  in  the  cases 
of  those  taken  from  control  animals.     Where  the  foetuses  were  allowed 
to  develop,  malformations,  such  as  partial  atrophy  of  the  ears,  torsions 
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of  the  bones  (especially  the  tibia  and  femur),  and  arrest  of  develop- 
ment  of  the  limbs,  with  absence  of  the  foot,  were  observed.  FisLA 
(viii.)  finds  that  the  introduction  into  the  eggs  of  hens,  prior  to  incu- 
bation, of  snake-venom,  also  the  exposure  of  e^s  whilst  incubating 
to  the  emanations  of  musk  and  the  vapours  of  essences  such  as  oil  of 
thyme  or  of  wintergreen,  produce  a  large  number  of  malformations. 
The  same  worker  (ix.),  experimenting  with  acetone,  found  that  its  intro- 
duction in  dilute  doses  produced  scarcely  any  teratogenic  eflfects.  The 
same  worker  (z.)  experi!^ented  with  eg^s  into  whTsmaU  qoantitieB 
of  rum  and  other  spirits  and  of  various  kinds  of  wine  were  introduced, 
all  of  which  exerted  teratogenic  effects.  It  is  interesting  to  note  that 
both  red  and  white  wine  were  more  injurious  than  an  equivalent  dose 
of  pure  alcohol,  showing  that,  with  them,  the  alcohol  was  not  the  only 
disturbing  agent.  This  may  be  compared  with  Daremburg's  observa- 
tion, that  a  rabbit  which  will  resist  a  dilated  dose  of  alcohol  equal  to 
the  amount  contained  in  a  given  quantity  of  wine,  will  not  resist  that 
amount  of  wine. 

III.  General. 

Gtacomini  (xi.)  in  this  paper  gives  a  resume  of  the  work  which  has 
recently  been  done,  largely  by  himself,  on  early  malformed  /iBtnses, 
since  attention  was  first  called  to  them  by  His.  These  observations 
have  already  been  described  in  previous  reports,  and  in  a  paper  by  the 
present  reporter,  on  "Early  Malformations  of  the  Embryo,"  in  this  Jour- 
nal ;  whilst  in  last  year's  report  will  be  found  Giacomini's  classification 
of  these  forms.  Nagel  (xii.)  describes  a  dwarf  known  as  Princess 
Paulina,  who  at  the  time  of  her  death  was  19  years  of  age,  and  measured 
19  inches  in  height.  She  was  perfectly  developed  in  every  way,  and 
very  intelligent,  speaking  four  languages.  At  birth  she  measund  12 
inches.  F^biS  (xiii.)  gives  an  interesting  table  of  the  teratohgical 
stigmata  in  the  cases  of  194  deaf-mutes,  the  condition  being  some- 
times congenital,  sometimes  acquired.  The  congenital  present  a 
greater  number  of  stigmata,  and  are  generaUy  less  intelligent ;  and  the 
less  intelligent  they  are,  the  more  stigmata  they  present.  Afert 
(xiv.)  describes  a  case  of  the  kind  known  as  Pfiocomelia,  under  the 
name  of  Achondroplasia.  This  condition  has  also  been  spoken  of  as 
intraruterine  rachitis,  but  incorrectly.  The  dimensions  of  the  head 
and  trunk  are  normal,  but  the  limbs  are  shortened,  and  the  bones 
exhibit  angular  bendings,  not  rounded  as  in  rickets.  Clauss  (xv.) 
describes  a  case  of  Monopodia :  the  thigh  contained  a  femur  with  an 
enlarged  lower  epiphysis,  and  the  foot  was  reduced  to  a  single  toe. 
Kidneys,  ureters,  bladder,  anus,  and  external  genitalia  were  wanting; 
and,  as  usual,  there  was  only  one  umbilical  artery.  Bebtagohini 
(xvi.)  gives  a  full  account  of  the  anatomy  of  the  Jiead  of  a  eyclops, 
with  two  eyes  included  in  the  orbit 

IV.  DUPUCITY. 

Sboqubs  (xvii.)  describes  two  double  fish :  (a)  Sdlmo  lacustris,  twins 
attached  venter  to  venter,  one  being  slightly  smaller,  and  having  a 
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malformed  tail ;  (5)  Trutta  fariOy  twins  of  equal  size,  also  attached 
venter  to  venter.     Valbnti  and  Pisbnti  (xviii.)  describe  an  interesting 
case  of  dupUcUas  parasitica^  the  attached  twin  being  represented 
externally  by  the  two  lower  limbs  and  penis,  which  were  appended 
to  the  lower  part  of   the  anterior  abdominal  wall  of  the  autosite, 
which  was,  of  course,  also  male,  and  provided  with  external  genitalia. 
The  pelvis  of  the  parasite  was  composed  exclusively  of  the  two  iliac 
bones;    the  bones  and  muscles  of  its  two  lower  extremities  were 
normal,  save  for  fatty  degeneration  of  the  latter.     The  right  lung 
had  four  lobes,  and  the  liver  had  a  deep  sulcus  on  its  right  lobe ;  there 
were  two  splenculi.     The  small  intestine  divided  into  two  parts  about 
20  cm.  above  the  ileo-csecal  valve,  and  each  of  these  portions  was  con- 
nected with  a  large  intestine ;  that  of  the  autosite  terminating  nor- 
mally, but  that  of  the  parasite  ending  in  a  blind  sac,  which  was 
much  distended  by  faecal  matter.     The  circulatory  system  presented 
interesting  abnormalities.     From  the  right  ventricle,  which  was  very 
large,  originated  two  vessels,  that  of  the  right  side  giving  off  an 
innominate,  and  the  left  carotid  and  subclavian,  and  terminating  by 
a  narrow  passage  in  that  of  the  left,  which,  before  forming  an  arch, 
like  that  of  the  aorta,  gave  off  the  two  pulmonary  arteries.     At  the 
undefended  spot  of  Peacock,  there  was  a  small  orifice  by  which  the 
two  ventricles  communicated  with  one  another.     The  arch  formed  by 
the  small  passage  and  the  left  vessel  were  evidently  formed  by  the  fifth 
left  arch  (as  in  two  cases  hereafter  to  be  mentioned,  xxviL  and  xxviii.), 
and  the  condition  was  accompanied  by  a  transposition  of  the  aorta 
and  pulmonary  artery.     GtJNSBURG  (in  a  paper  translated  by  Ballan- 
tyne)  describes  (xix.)  a  case  of  the  abortion  of  four  foetuses  at  the  4  th 
month  of  pregnancy  :  three  of  these  were  males  and  one  was  a  female ; 
and  there  were  two  placentas,  one  of  which  was  compounded  of  three. 
One  of  the  male  foetuses  was  a  paraceplidlus ;  its  head  resembled  a 
fleshy  malformed  mass,  broad  at  its  upper  and  narrow  in  its  lower 
part     In  the  cranium  the  occipital  bone  was  absent;   the  frontal 
bones  were  also  abnormal,  for  their  facial  parts  were  wanted.     The  eyes, 
mouth,  and  ears  were  absent,  but  the  nose  was  normal.     In  the  middle 
part  of  the  face,  and  from  prominences  corresponding  to  the  zygomatic 
bones,  two  muscular  masses  passed  downwards,  and  ended  by  converg- 
ing in  the  region  of  the  clavicles.     Similar  muscular  masses  passed  from 
the  posterior  part  of  the  head  on  to  the  back.     The  sternum  was 
absent.     In  its  place  was  a  thin  membrane,  under  which  could  be 
seen   the  organs   of  the   thoracic  cavity.      The  upper  limbs   were 
deformed.     The  forearm  ended  in  three  eminences,  resembling  fingers. 
The  abdomen  showed  a  fissure,  through  which  a  portion  of  the  intes- 
tines was  prolapsed.     The  genital  organs  (male),  consisting  of  a  penis 
and  scrotum,  were  normal.     Dr  Ballantyke  considers  that  this  is  a 
imique  case  of  the  occurrence  of  a  paracepJuUus  as  one  of  quadruplet& 

V.  Head  and  Neck. 

Valbnti  (xx.)  describes  a  brain  in  which  the  two  optic  thalami  were 
united  by  their  mesial  surfaces,  the  part  in  common  measuring  from 
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its  superficial  aspect  14  mm.  in  length  and  8  nun.  in  depth.  A 
microscopic  examination  showed  that  the  structure  of  one  thabmuB 
passed  into  the  other  without  any  trace  of  demarcation.  Through  the 
section  were  scattered  small  fusiform  or  irregularly  polyhedral  cells,  with 
multiple  prolongations.  Morison  (xxi.)  describes  a  tumour  of  tlie  orbit 
in  a  new*bom  child,  which  bore  two  tubercles,  one  of  which  had  cut 
an  incisor  tooth,  and  the  other  was  about  to  do  so.  It  was  removed, 
and  was  found  to  block  the  upper  part  of  the  nose  and  to  have  a  solid 
base.  It  was  about  the  size  of  a  Tangerine  orange ;  and  when  ex- 
amined microscopically  by  Targett,  who  considers  it  to  be  an  £pi- 
gnathus,  was  found  to  consist  chiefly  of  fibrous  and  mucous  tissue. 
Ballantyne  says  that  it  may  be  regarded  as  a  teratoma,  an  ezoproeopua 
amorphus,  or  as  an  accessory  upper  jaw. 

Friocius  (xxxii.)  gives  an  account,  chiefly  of  surgical  interest,  of 
the  cases  of  hare-lip  observed  at  Kiel  from  1875  to  1895.  The 
following  statistics,  drawn  partly  from  his  records  and  partly  from  the 
literature  of  the  subject,  are  of  teratological  interest.  It  was  met  with 
in  550  cases  (62*5  per  cent.)  in  males,  and  in  330  eases  (37*5  per  cent.) 
in  females ;  on  the  left  side  in  447  instances  (52  per  cent),  on  the 
right  in  183  (21  per  cent.),  and  on  both  sides  in  232  (27  per  cent)* 
It  was  uncomplicated  in  224  (35*2  per  cent.),  and  complicated  by 
alveolar  or  palatine  cleft  in  412  (64*8  per  cent.).  From  these  figures 
it  follows  that  hare-lip  is  more  common  amongst  males  than  females^ 
on  the  left  side  than  on  the  right,  as  a  complicated  condition  than  as 
a  simple  one.  The  influence  of  heredity  was  traceable  in  53  out  of 
547  cases,  t.e.,  11*5  per  cent. 

Fahrbnbagh  deals  also  vnth  harelip  in  relation  to  cases  met  with 
at  €K)ttingen  (xxiiL)  during  the  ten  years  since  Stobwasser's  paper 
(included  in  Friccius'  thesis)  appeared.  This  paper  is  also  chiefly  of 
surgical  interest.  The  cases  observed  numbered  200,  and  of  these 
143  (68  per  cent.)  occurred  in  males,  67  (32  per  cent.)  in  females. 
They  were  distributed  as  follows  : — 


One-sided,  simple, 

„        oomplieated  with  deft, 
Both  sides,  simple, 

complicated, 


>> 


Malo. 

Female. 

Total 

26 

15 

41 

80 

31 

111 

1 

5 

8 

85 

16 

61 

Amongst  the  one-sided  ca«e8,  112  were  of  the  left  side  and  40  of 
the  right.  Thus  these  figures  tell  the  same  tale  as  those  of  the  pre- 
ceding paper.  The  influence  of  heredity  waa  traceable  in  5'5  per 
cent,  of  the  cases,  and  in  many  instance  there  were  other  accompany- 
ing malformations. 

WiNOKEL  (xxiv.)  discusses  the  conditicm  known  as  agnathia,  which 
he  believes  does  not  reaUy  merit  this  name,  since  there  are,  he  thinks, 
always  rudiments  at  least  of  the  apparently  absent  lower  jaw,  in 
aome  cases  adherent  to  the  base  of  the  skull.     The  paper  detaib 
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aereral  cases  in  support  of  this  contention.  Ballowits  (xzy.) 
describes  a  Jaranese  skull  in  which  there  was  a  supemumercBry  incisor 
in  liie  left  premaxilla  imbedded  in  the  bone,  with  the  apex  of  its 
root  pcnnting  forwards.  It  was  carved  so  as  to  lie  transyersely  in 
the  bone,  intervening  between  the  roots  of  the  normal  incisors  and 
the  nasal  cavity,  and  with  its  crown  directed  towards  the  left. 
Ballantynb  (xxvi.)  deals  with  the  subject  of  congenital  teeth  (ante- 
natally  cut  teeth),  which  he  says  are  rare ;  they  are  generally  upper 
incisors,  but  may  be  lower.  Very  rarely  they  are  molars.  Other 
buccal  or  facial  malformations  may  accompany  them.  They  are  gener- 
ally due  to  premature  cutting  of  the  tooth,  but  may  be  the  result  of  a 
true  ectopia  oi  the  dental  follicle  and  its  contained  tooth. 

VL  Thorax. 

Afbrt  (xxvii.)  describes  an  interesting  condition  of  the  great  vessels 
in  a  child  which  had  survived  its  birth  four  months,  though  much 
cyanoeed  throughout  that  time.  The  heart  apparently  possessed -but 
one  ventricle,  but  a  careful  examination  showed  that  the  two  were 
present, — that  of  the  left  side  being  greatly  atrophied,  whilst  the 
right  was  much  hypertrophied.  The  aortic  orifice  was  absent,  and  so 
was  the  ascending  aorta  as  sueh,  and  there  was  a  persistent  foramen 
ovale.  The  pulmonary  artery  gave  branches  to  the  lungs,  and  then 
continued  as  the  remainder  of  the  aortic  arch  and  descending  aorta. 
From  the  upper  part  of  the  arch  thus  formed  there  originated  a 
single  trunk,  which  bent  over  to  the  right  (the  fourth  left  arch),  and 
gave  off  the  left  carotid  and  subclavian  and  the  right  carotid,  and 
terminated  as  the  right  subclavian.  From  its  under  surface,  and 
between  the  origins  of  the  vessels  of  the  two  sides^  there  came  off  a 
small  branch,  which  passed  behind  the  pulmonary  artery,  arrived  at 
the  base  of  the  heart,  and  there  divided  to  form  the  two  coronary 
arteries.  This  small  branch  represented  the  missing  (ascending)  part 
of  the  aorta.  Thus  the  caroUds  and  subclavians  and  coronary  arteries 
received  their  blood  by  a  retrograde  current  through  the  atrophied 
part  of  the  aorta.  A  table  is  given  of  20  similar  cases  (15  of  which 
were  amongst  the  106  malformed  hearts  described  by  Th^r^min). 
The  cavity  of  the  left  ventricle  is  always  considerably  atrophied,  and 
was  absent  in  one  case.  The  mitral  orifice  and  valves  are  always 
much  reduced  in  sixe  (absent  in  4  cases).  The  foramen  ovale  is 
patent  except  in  two  of  the  cases,  and  the  pulmonary  artery  is 
enlarged.  The  other  general  conditions  are  the  persistence  of  the 
ductus  arteriosus  and  ^e  atrophy  of  the  arch  of  the  aorta.  Bbllot 
(xxviii.)  narrates  what  is  apparently  a  very  similar  case,  though  the 
condition  is  not  so  fully  described. 

Schmidt  (xxix.),  dealing  with  the  subject  of  normal  polymastia, 
refers  to  O.  Schultee^s  observation  as  to  the  existence  of  a  milk>line 
or  groove  in  the  embryos  of  pigs,  etc.  His  observations,  made  with  a 
view  of  ascertaining  whether  a  similar  structure  existed,  at  a  corre- 
sponding age,  in  the  human  foetus,  have  given  negative  results.  By 
making  sectionsi  how:ever,  he  found  tilat  supplementary  gland  anlagen 
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exist  in  the  embryo  both  above  and  below  the  site  of  the  nonnal 
breast,  and  these  in  greater  numbers  the  younger  the  embryo  examined. 
Those  lying  cranially  to  the  site  of  the  normal  breast  are  mostly  also 
lateral  to  it ;  those  caudally,  mesial ;  and  all  were  confined  to  the  upper 
thoracic  region. 

VII.  Abdomen. 

Valenti  (xxx.)  describes  a  case  of  displaced  left  kidney  of  a  female 
infant.  The  right  kidney  was  normally  situated,  but  the  left  was 
placed  over  the  aperture  of  the  pelvis,  and  transversely,  so  as  to  lie 
across  the  aorta,  its  arteries  and  veins  being  superficial.  The  supra- 
renal^ as  usual,  was  in  its  normal  position.  Latruffb  (zxxi.) 
describes  a  similar  case  in  which  the  left  kidney  was  displaced  so 
that  its  upper  border  was  on  a  level  with  the  4th  sacral  vertebra, 
and  its  lower  rested  upon  the  aponeurosis  of  the  obturator  intemus. 
It  hung  longitudinally,  with  its  pelvis  directed  towards  the  left,  the 
ureter  crossing  it  anteriorly.  The  vein  passed  to  the  right  common 
iliac.  The  larger  of  its  two  arteries  came  from  the  left  internal  iliac, 
and  the  smaller  from  the  bifurcation  of  the  aorta.  The  suprarenal 
was  in  the  normal  position. 

Chri^tien  (xxxii.)  narrates  a  case  of  absence  of  the  left  kidney,  and 
Jolly  (xxxii.)  one  of  absence  of  the  right;  also  a  second  of  a  horseshoe- 
kidney  which  possessed  three  hiluses.  Morestin  (xxxiii.)  describes 
an  anomalotis  arra/ngement  of  the  large  intestine  in  a  man  aged  30. 
There  was  a  Meckelian  diverticulum.  The  small  csBCum  was  provided 
with  a  long  mesentery,  and  floated  loose  amongst  the  small  intestines. 
The  colon  then  passed  up  in  the  normal  manner,  and  formed  its  trans- 
verse and  descending  portions.  At  the  level  of  the  left  kidney,  the 
latter  turned  sharply  across  the  abdomen  and  reascended,  passing 
behind  the  ascending  portion  and  lying  on  its  right  side.  Arrived  at 
the  liver,  it  again  turned  upon  itself  and  descended  to  the  right  of  the 
last-mentioned  portion  to  the  right  iliac  fossa,  where  it  became  the 
rectum.  There  were  thus  three  coils  of  large  intestine  on  the  right 
side  of  the  abdomen.  Bagourd  (xxxv.)  describes  a  case  of  atresia  of 
the  small  intestine  in  an  infant  The  gut  for  3  or  4  cm.  was  reduced 
to  the  condition  of  an  impermeable  cord.  Above  this  was  in  the  inte- 
rior an  elongated  crest  or  ridge,  corresponding  to  the  attachment  of 
the  mesentery,  which  was  covered  with  small  papillomatous  elevations. 
Karrow  above,  it  enlarged  so  much  below  as  to  fill  almost  the  entire 
lumen  of  the  intestine.  It  was  formed  by  an  infolding  of  the  mucous 
and  muscular  coats,  the  former  prevailing,  and  being  provided  with 
much  more  marked  glands  than  the  rest  of  the  <canal.  A  somewhat 
similar  case  is  described  by  Trumpf  (xxxvi.),  the  infant  being  one  of 
twins  (the  other  was  normal).  On  opening  the  abdomen,  the  stomach 
and  upper  part  of  the  duodenum  were  seen  to  be  enormously  dilated. 
Below  the  Yatenan  papilla,  the  duodenum  was  represented  for  a  short 
distance  by  a  thick,  white,  fibrous  cord^  below  which,  again,  the  intes- 
tine was  of  normal  size.  V.  Winckel  (xxxvii.)  describes  a  case  of 
atresia  ani  where  the  rectum  ended  in  a  cord  below  the  bladder, 
which  it  did  not  enter.     There  was  iui  abnormally  large  penis. 
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KCiTNBB  (xxxviii.)  describes  a  mnseum  specimen  of  double  penis. 
The  bladder  was  single,  and  so  was  the  urethra  as  far  as  the  lower  end 
of  the  Terumontanum.  Here  there  was  a  minute  communication  with 
the  rectum,  below  the  openings  of  the  ducti  ejaculatores.  Owing  to 
the  condition  of  the  specimen,  it  could  not  be  determined  whether 
the  child  had  possessed  an  anus.  Beyond  the  Terumontanum  the 
urethra  divided  into  two  portions,  which  were  provided  each  with  a 
bulb,  and  entered  two  complete  penes.  The  label  on  the  specimen 
stated  that  the  scrotum  was  double,  and  contained  one  testicle. 

v.  WiNGKEL  (xxxix.)  describes  a  case  of  pregnancy  in  the  left  horn 
of  a  completely  divided  tUerus,  There  was  also  a  visual  septum, 
and  the  child  was  born  with  double  pes  varus, — as  he  thinks,  from  the 
pressure  of  the  small  cavity.  Ballanitnb  (xL),  dealing  with  the 
subject  of  so-called  epiepadicu  in  thefemcdey  says  that  true  epispadias 
in  the  female  is  a  very  rare  condition ;  including  doubtful  cases,  only 
33  observations  have  been  recorded.  It  consists  in  the  absence  of  a 
greater  ar  smaller  part  of  the  soiterior  urethral  wall,  with  the  division 
of  the  clitoris  into  two  parts,  and  the  presence  of  a  median  groove  or 
gutter  in  the  region  of  the  anterior  commissure  of  the  vulva;  the 
symphysis  pubis  is  usually  closed,  and  so  is  the  anterior  bladder  wall. 
In  its  least  marked  form  (clitoridian  epispadias)  the  urethra  simply 
opens  above  the  clitoris  instead  of  below  it;  but  in  all  the  other 
forms  (sub-symphysial  and  retro-symphysial  epispadias  and  sub- 
symphysial  vesical  exstrophy)  there  is  a  splitting  of  the  clitoris  and 
the  existence  of  the  median  furrow.  Tho  malformation  is  most  prob- 
ably due  to  a  mal-development  of  those  parts  of  the  anal  plate  to 
which  Toumeux  has  given  the  names  *'  bouchon  cloacal "  and  "  lame 
uretrale."  Vanverts  and  Eamond  (xli.)  describe  the  case  of  an 
infant  whose  hdly  was  distended  with  fluid,  puncture  being  necessary 
before  delivery  could  be  effected.  On  examination,  the  liver  was 
found  to  be  very  large,  and  the  microscope  showed  that  it  was  much 
invaded  with  fibrous  tissue.  There  was  no  evidence  of  syphilis, 
tubercle,  or  alcoholism  in  the  parents. 

VIII.  Extremities. 

MoucHET  (xlii.)  describes  a  case  in  which  the  right  hand  of  a  five- 
months  fo0tus  was  affected  with  brachydactijly  of  all  the  fingers 
except  the  thumb,  which,  Hke  the  fingers  of  the  left  hand,  was 
normal.  The  nails  were  all  perfectly  developed.  A  longitudinal 
section  of  the  whole  index  finger  showed  that  the  metacarpal  was 
quite  normal,  but  the  phalanges  were  only  represented  by  a  small 
cartilage,  which  apparently  represented  the  base  of  the  first  phalanx. 
The  structure  presented  some  peculiarities.  The  cartilage  cells  were 
grouped  in  small  masses,  between  which  there  existed  tracts  with 
cells,  and  having  a  fibrillar  appearance.  The  fibrils  did  not  stain 
with  carmine,  were  parallel,  and  did  not  anastomose.  The  extremity 
of  the  digit  representing  the  other  phalanges  was  formed  of  connec- 
tive tissue,  with  vessels.  It  was  furnished  with  the  usual  appendages 
of  the  skin,  but  contained  no  cartilage.     FiCQxr^  (xliii.)  describes  a 
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case  where  the  thumby  as  snch,  was  ahmniy  the  radial  bender  of  the 
hand  being  in  a  straight  line  with  that  of  the  forearm.  A  diminutive 
thomb  was  attached  to  the  side  of  the  index  by  a  skin  pedicle^  cou* 
taining  a  vessel  It  was  3  cm.  long  and  4  cm.  in  drcomference,  and 
was  formed  of  two  mdime&taiy  phalanges,  united  by  an  articnlation. 
Lbboucq  (zliv.)>  gives  three  cases  of  malformations  affecting  the  hauda. 
<1)  symmetricaL  The  2nd  and  3rd  digits  appear  to  have  only  two 
phalanges,  but  on  dissection  it  was  found  that  the  2nd  digits  though 
so  shorty  had  four  phalanges,  the  1st  and  3fd  being  short  and  nodular, 
and  the  2nd  and  4ih  normal  in  appearance.  The  1st  and  2nd 
were,  as  shown  by  the  muscular  attachments  and  other  facts,  equiva- 
lent to  the  basal  phalanx.  It  is,  then,  the  1st  phalanx  which  was 
divided,  but  the  condition  was  not  one  of  a  simple  epiphysial  8epaz»> 
tion,  since  the  second  segment  of  the  index  and  the  first  and  second 
of  the  medius  were  bones  with  clearly  distinct  diaphyses  and  epiphyses. 
(2)  Brachydactyly  of  all  the  digits  of  the  hand  wi^out  hyper^phalimgy. 
In  the  thumb  it  is  the  metacarpal  which  was  reduced,  in  the  othes  the 
second  phalanx.  (3)  Left  foot  Brachydactyly  of  the  three  inner  toes, 
affecting  the  metatsursal  in  the  hallux  and  the  middle  phalanx  in  the 
others.  He  thinks  that  the  middle  phalanx  is  the  absent  member  in 
the  hallux  and  pollex,  and  that  this  segment  is  in  course  of  disappear- 
ance elsewhere,  e.g.,  in  the  minimus,  where  Pfitzner  found  it  united 
with  the  distal  phalanx  in  17  out  of  301  toes  which  he  examined. 
There  is,  he  thinks,  a  tendency  in  the  hand  and  foot  towards  a  reduc- 
tion in  the  rays,  first  in  length,  and  then  in  the  number  of  their 
constituents;  and  this  reduction  is  chiefiy  felt  in  the  intermediate 
phalanx.  That  of  the  first  is  gone  in  the  hand  and  foot,  and  that  of 
the  little  toe  is  going.  In  the  hand  the  process  is  less  advanced  than 
in  the  f  oot^  but  in  both  it  is  the  lateral  rays  which  are  being  specially 
reduced.  Tilanus  (xlv.)  describes  a  case  of  eetrodactyly  in  a  man 
aged  36.  K  hand,  the  ii,  iii,  iv  metacarpals  are  normal,  the  i,  ▼ 
and  the  1,  2,  5  fingers  are  absent  The  3  and  4  fingers  are  present^ 
but  united  by  skin.  L.  hand,  the  iii,  iv,  and  v  (?)  metacarpals  are 
present;  i  and  ii  are  absent,  and  also  1,  2,  3,  and  5  fingers.  K  foot, 
the  i,  ii,  iii,  iv  metatarsal  are  absent  with  their  toes ;  the  v  metatarsal 
and  toe  are  present.  Several  other  members  of  the  family  show 
similar  malformations.  VALBirn  (xlvi.)  adds  three  further  cases  to 
the  literature  of  supTtxcondylar  procesB. 

JoACHiUBTHAL  (zlviL)  givcs  Several  cases  of  ahnarmdlUies  of  ths 
extremities,  (!)  The  mother  had  congenital  dorsal  luxation  of  the 
two  thumbs,  which  were  rudimentary,  and  possessed  a  much  reduced 
musculature.  The  eldest  child  (m.)  had  the  right  thumb  removed 
after  birth.  It  was  atrophic,  and  attached  to  the  index.  On  the  left 
side  the  radius,  thumb  and  its  metacarpals  were  absent,  and  the  whole 
forearm  was  shorter  than  the  right  The  second  child  (m.)  had  no 
right  thumb,  but  a  snpemumjerary  digit  of  two  phalanges  was  attached 
to  the  radial  aspect  of  the  first  phalanx  of  the  index,  which  no  doubt 
represented  it  The  left  upper  extremity  was  atrophic  in  all  its  parts, 
including  the  shoulder  girdle.  The  upper  end  of  the  radius  was 
absent^  not  reaching  to  the  humerus ;  the  thumb  and  its  metacarpal 
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wefe  abeent,  and  the  arm  was  fixed  in  a  position  of  pronation.  The 
third  child  (f.)  had  the  tenninal  phalanx  of  the  thumb  twisted  so  as 
to  look  to  the  nlnar  aide  of  the  hand.  The  fourth  child  (1)  had  on 
each  hand  five  metacarpals  and  five  tri-phalanged  digits.  (This  is 
another  instance  of  the  rare  G<mdition  of  a  tri-phalanged  thumb, 
other  cases  of  which  have  been  mentioned  in  a  previous  report,  and 
in  a  paper  by  the  present  reporter  in  this  Journal,)  It  is  interesting 
to  note  that  malformations  of  excess  and  defect  both  exist  in  this 
family.  Y.  Winckbl  (xlviiL)  describes  an  interesting  case  where  an 
anrntotie  band  was  found  enarding  the  arm  of  a  fceius,  which  it  had 
nearly  severed.  This  adds  another  to  the  cases  where  the  amniotio 
band  has  been  caught  in  the  act^  so  to  speak,  of  performing  an  intra- 
uterine amputation.  YisA  (xlix.)  alludes  to  a  condition  of  subluxation 
of  the  hand  forwards,  characterised  by  an  undue  projection  of  the 
lower  end  of  the  radius  on  the  dor»itl  surface  of  the  wrist.  He 
thinks  that  this  is  developmental,  because  it  appears  at  adolescence 
and  is  hereditary.  It  is  more  frequently  met  amongst  epileptics  than 
amongst  the  healthy.  He  has  also  found  that  epiphysial  exostoses  of 
the  sternal  end  of  the  clavicle  are  more  frequently  met  with  amongst 
the  mentally  unsound. 

Ebstkut  (1.)  narrates  an  instance  of  syndcLctyh/  of  both  hands  and 
the  left  foot  in  a  child,  five  generations  of  whose  ancestors  also  had 
exhibited  similar  malformations.  In  both  hands  the  3  and  4  fingers 
were  united,  the  first  and  second  phalanges  by  skin,  the  ungual  by 
bony  union.  There  was  a  single  nail,  which  possessed  two  lunulse.  The 
left  had  its  4  and  5  toes  united  by  skin  for  their  first  two  phalanges ; 
and  the  fifth  toe  bore  a  rudimentary  sixth  digit.  Chatllons  and 
Dbsfossbb  (li.)  described  the  case  of  an  infant  let  3,  in  which  the 
leg  segment  was  absent  The  right  lower  extremity  consisted  of  a  thigh 
of  the  normal  siae,  which  terminated  by  a  representative  of  the  foot, 
possessing  two  toes,  one  of  which  bore  a  nail.  The  femoral  condyles 
wero  present,  but  there  was  no  trace  of  the  bones  of  the  leg.  The 
toes  contained  metatarsals  and  phalanges,  but  there  were  only  rudi- 
mentary tarsal  bones.  Bbqnault  (lii.)  describes  certain  alterations  in 
the  femora  in  cases  of  congenital  luxation.  The  pilaster,  which  is 
posterior  in  a  normal  femur,  is  most  generally  carried  outwards.  In 
any  case,  the  greatest  diameter  of  the  femur  is  that  which  bears  the 
pOaster,  so  that  when  the  latter  is  on  the  outer  side,  this  diameter  is 
transverse  and  not  antero-posterior ;  and  the  femur  is  flattened  in  an 
antero-posterior  direction.  The  pilaster  is  composed  normally  of  two 
ridges  and  a  groove  between  them.  The  external  ridge  generally 
remains,  the  internal  has  diminished  or  has  disappeared.  It  seems 
as  if  the  disappearance  of  the  internal  ridge  of  the  pilaster  is  the 
result  of  the  atrophy  of  the  abductors  and  the  diminution  of  the 
internal  surface  of  the  vastus  extemus,  which  is  explained  by  the 
gait  The  knees  are  generally  carried  inwards,  the  thighs  are  rotated 
internally.  This  attitude  brings  the  pilaster  outwards  and  relaxes 
the  adductors. 

BALLAifTTNB  and  Eldbr  (}iih)  describe  a  q^ibq  in  which  a  mother 
and  child  were  both  affected  with  hereditary  tylosis — -paimfB  et  plantce* 
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NOTES  ON  THE  DISSECTION  OF  A  CASE  OF  DOUBLE 
KNOCK-KNEE.  By  Johnson  Symington,  M.D.,  F.R.S.E., 
Professor  of  Anatomy^  Queen^s  College^  Belfast} 

{Abetrctet.) 

Thb  body  of  a  girl  aged  17  years,  with  double  knock-knee,  was 
dissected.  The  deformity  had  commenced  about  two  years  before 
her  death.  It  was  therefore  evidently  a  case  of  genu  valgum 
adolesoentium. 

The  body  was  very  thin,  and  death  was  from  tubercular  disease. 

The  degree  of  knock-knee  was  very  nearly  the  same  in  both  limbs. 
With  the  knee  fully  extended,  a  straight  line  drawn  from  the  top  of 
the  head  of  the  femur  to  the  centre  of  the  ankle-joint  passed  6  inches 
to  the  outer  side  of  the  centre  of  the  knee-joint,  instead  of,  as  in  a 
normal  limb,  corresponding  to  this  point.     Again,  the  external  angle 

^  This  paper  is  printed  in  extenso,  with  a  plate,  in  Trans,  Boy,  Acad*  Medicine, 
Ireland,  vol.  ziv.,  1896. 
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at  the  knee  between  the  long  axis  of  the  shaft  of  tiie  femur  and  tiiat 
of  the  tibia  is  usually  about  170*,  while  in  this  case  it  was  120*  in  the 
right  limb  and  118*  in  the  left.  The  feet  were  inrerted  to  an  ab- 
normal degree,  as  in  the  condition  termed  talipes  yams. 

Amongst  the  muscles  in  the  region  of  the  knee,  the  sartorius  and 
gracilis  were  displaced  to  the  greatest  extent,  as  they  descended 
behind  instead  of  on  the  inner  side  of  the  knee.  On  looking  at  the 
knee  from  behind,  the  sartorius  was  seen  to  lie  1^  inches  external  to 
the  most  prominent  point  on  the  inner  aspect  of  the  internal  taberositj 
of  the  femur,  while  the  gracilis  descended  behind  the  knee,  opposite 
the  outer  boundary  of  the  inter-condyloid  notch.  The  semi-tendinosus 
and  semi-membranoeus  were  also  displaoed  outwards,  though  not  nearly 
to  so  great  an  extent  as  the  other  two  muscles.  The  tendon  of  the 
adductor  magnus  inserted  into  the  upper  part  of  the  internal  taberodty 
of  the  femur  was  much  more  prominent  and  superficial  than  normal 
The  biceps  was  normal,  except  that  it  was  rather  more  prominent  than 
usual,  and  was  at  once  rendered  tense  on  any  attempt  being  made  to 
adduct  the  leg  at  the  knee.  The  insertion  of  the  popliteus  and  the 
tibial  origin  o£  the  soleus  were  uncovered  to  a  large  extent  by  the 
gastrocnemius.  This  is  partially  due  to  the  feeble  development  of  the 
latter  muscle,  but  also  to  the  projection  inwards  of  the  intecnal 
tuberosities  of  the  femur  and  tibia. 

The  relations  of  the  popliteal  artery  to  the  bone  were  greatly  altered. 
Thus  it  crossed  the  popliteal  surface  of  the  femur  much  nearer  the  outer 
than  the  inner  border  passed  on  to  the  back  of  the  external  condyle 
close  to  its  outer  edge,  and  then  descended  behind  the  superior  tibio- 
fibular articulation,  close  to  the  level  of  the  outer  edge  of  the 
top  of  the  tibia.  The  distance  between  the  artery  and  the  popliteal 
surface  of  the  bone  was  further  increased  in  this  case  by  the  vessel 
lying  on  the  back  of  the  external  condyle  instead  of  in  the  hollow 
between  the  two  condyles.  A  finger  could  readily  be  passed  between 
the  bone  and  artery  without  disturbing  the  latter,  for  nearly  two 
inches  above  the  external  condyle,  and  opposite  the  k>wer  part  of  the 
popliteal  surface,  the  artery  was  f  of  an  inch  from  the  bone. 

The  deep  branch  of  the  anastomotic  of  the  femoral  passed  down  as 
usual  just  in  front  of  the  tendon  of  the  adductor  magnus,  but  its 
superficial  branch,  which  accompanies  the  long  saphenous  nerve,  was 
displaced  to  the  l]ack  of  the  knee.  The  two  superior  and  the  azygos 
articular  branches  arose  by  a  common  trunk,  which  passed  inwards  to 
about  the  middle  of  l^e  back  of  the  joint  before  dividing.  The 
superior  external  articular  continued  in  the  same  direction  as  the 
common  trunk  for  a  short  distance  and  then  turned  outwards,  passiBg 
between  the  popliteal  artery  and  the  femur  to  be  distributed  as  usual 
At  the  point  where  the  external  articular  artery  turned  outwards  it 
was  f  of  an  inch  internal  to  the  popliteal  vessel  The  external  and 
internal  popliteal  nerves  were  (drifted  outwards  to  even  a  greater 
extent  than  the  popliteal  artery.  This  was  eepeciaUy  the  case  with 
the  internal  popliteal,  which  at  its  origin  from  the  sciatic  was  situated 
in  a  plane  external  to  that  of  the  outer  surface  of  the  lower  part  of 
the  shaft  of  the  femur.    As  the  nerve  descended  it  crossed  the  outer 
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head  of  the  gartrocnemiuB  bhliquely  from  without  inwardB»  and  came 
in  contact  vith  the  popliteal  artery  near  its  termiDBtian. 

In  this  specimen  the  upper  end  of  the  femur  and  almost  the  whole 
length  of  its  shaft  appeared  to  be  normal,  and  showed  no  unusual 
curves,  the  changes  in  the  form  of  tiie  bone  being  confined  to  the 
neighbourhood  of  the  lower  end  of  the  diaphysis  and  its  epiphysis. 
When  the  femur  was  placed  with  the  long  axis  of  its  shaft  yertieal, 
the  internal  condyle  lay  at  a  plane  1  inch  lower  ^n  that  of  the 
externaL  In  a  young  and  normal  femur  of  ahnost  exactly  the  same 
length  the  author  found  that  the  downward  projection  of  the  internal 
condyle  was  only  ^  of  an  inch  more  than  that  at  the  external.  It  has 
been  frequently  asserted  that  in  cases  of  knoek-knee  the  internal  con- 
dyle is  abnormally  increased  in  length,  but  Mikulicz  has  endeavoured  ^ 
to  show  that  this  is  not  the  case,  the  marked  prominence  of  the  in- 
ternal condyle  being  due  to  an  increased  growth  of  tiie  inner  part  of 
the  lower  end  of  the  femoral  diaphysis,  so  that  the  epiphysis  is  placed 
against  a  surface  looking  obliquely  downwards  and  outwards.  It  is 
evident  that  this  point  can  only  be  determined  with  accuracy  by  l^e 
examination  of  the  femur  in  cases  of  knoek-knee  before  the  epiphysial 
cartilage  has  become  ossi&ed,  and  preferably  shorldy  before  adult  life, 
when  this  cartiJage  is  thin,  so  that  the  line  between  diaphysis  and 
epiphysis  can  be  sharply  defined. 

Professor  H.  £.  Clark'  made  a  smes  of  obaerv«iions  of  normal 
adult  femora  to  determine  this  question,  and  he  came  to  the  eonclu- 
aion  that  the  internal  condyle  is,  aa  a  rule,  ^  of  an  inch  longer  than 
the  external.  These  measurements,  however,  represent  the  greatest 
vertical  extent  of  the  epiphysis  on  the  inner  and  outer  sides,  and  not 
simply  the  vertical  length  of  the  condyloid  articular  surfaces.  They 
were  apparently  made  on  the  inner  side  from  the  adductor  tubercle, 
and  on  the  outer  from  just  above  and  in  front  of  th«  depreeskm  for 
the  outer  head  of  the  gaatroenemiua.  In  these  two  places  the  epi* 
physial  line  attains  its  higheat  level  above  the  ocmdyles.  On  the 
posterior  aspect  of  the  femur  the  epiphysial  line  is  situated  immedi- 
ately above  the  articular  surface  of  the  external  condyle,  but  is  fully 
^  of  an  inch  above  that  of  the  internal  oondyle,  and  then  ascends 
to  the  adductos  tubercle,  which  is  ^  of  an  inch  above  the  level  of 
the  Uyp  of  the  articular  surface  of  the  internal  condyle.  The  vertical 
extent  of  the  po^rior  part  of  the  two  condyloid  articular  surfaces 
will  be  found  to  be  praetieally  equal,  althou^  the  vertical  height  of 
the  epiphysis  is  ^  of  an  inch  greater  on  the  inner  than  on  the  outer 
aide  of  the  bone. 

Mikulicz  draws  one  transverse  line  at  the  back  of  the  femur,  just 
above  the  posterior  part  of  the  two  condyles,  and  another  at  the  level 
of  the  lowest  part  of  the  two  condyles,  and  he  states  that  these  two 
lines  are  parallel,  or  very  nearly  so,  henee  he  regards  the  two  condyles 
as  of  equal  length. 

In  the  author's  specimen  of  knock-knee  the  two  condyles,  measured 

^  Die  aeitlichen  Yerkrilminungen  am  Enie  und  deren  HeilangsmethodezL     v. 
Langenbeok's  Archivf.  klin.  Chirurgie,  Bd.  xxiii. 
"  Quoted  in  Macewen's  *'  Osteotomy"  p.  44. 
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by  Clark's  method,  were  found  to  differ  from  each  other  in  height 
only  ^  of  an  inch,  the  internal  being  1^  inches  and  the  external 
1  inch ;  and  by  Mikulicz'  plan  were  equall  Compared  with  normal 
bones  of  the  same  size,  there  was  no  increased  length  of  the  internal 
condyle,  if  anything  slightly  the  reverse,  while  at  the  same  time  there 
was  no  shortening  of  the  external.  Further,  the  shaft  of  the  bone 
was  not  abnormally  curved,  so  that  the  excessive  downward  projection 
of  the  internal  condyle,  when  the  shaft  of  the  bone  was  held  with  its 
long  axis  vertical,  was  due  to  an  increased  growth  of  the  inner  side  of 
the  diaphysis.     These  results  support  the  views  of  Mikulicz. 

An  examination  of  the  tibia  showed  that  it  contributed  even  more 
than  the  femur  to  the  production  of  the  in-knee  deviation,  and  that 
this  was  due  entirely  to  an  excessive  growth  of  the  inner  side  of  the 
upper  part  of  its  diaphysis.  Thus,  with  the  shaft  vertical,  the  inner 
edge  of  the  upper  surface  of  the  tibia  projected  1^  inches  above  the 
level  of  the  outer  edge,  and  on  coronal  section  the  epiphysis  was 
rather  thinner  on  the  inner  than  on  the  outer  side. 

In  both  tibia  and  femur  the  layer  of  compact  bone  was  thinner 
than  normal,  and  at  the  extremities  the  spaces  in  the  cancellous  bone 
were  much  larger  than  usual  This  was  especially  the  case  towards 
the  inner  side  of  the  bones.  The  epiphysial  cartilage  at  the  lower 
end  of  the  femur  presented  appearances  which  are  characteristic  of 
rickets.  In  some  places  it  was  considerably  thickened,  and  formed 
various  irregular  projections,  almost  all  of  them  being  directed  towards 
the  diaphysis.  There  were  also  various  islands  of  cartilage  embedded 
in  the  bone  above  and  below  the  epiphysial  line. 

There  was  no  deformity  in  the  bones  of  the  upper  limb  except 
some  swelling  of  the  extremities  of  the  long  bones,  and  slight  rachitic 
changes  in  the  epiphysial  cartilages.  The  vertebral  column  and  ribs 
were  normal,  but  the  pelvis  was  imperfectly  developed  and  deformed. 
The  conjugate  diameter  of  the  pelvic  inlet  was  considerably  greater 
than  the  transverse,  and  the  right  innominate  bone  at  the  ilio-pectineal 
eminence  was  bent  inwards. 

The  spine  on  the  inner  side  of  the  upper  part  of  the  shaft  of  the 
tibia,  generally  found  in  cases  of  knock-knee,  was  well  marked  in  both 
legs.  Its  mode  of  production  is  obscure.  It  was  situated  |  inch 
below  the  level  of  the  epiphysial  line,  and  behind  and  above  the 
insertion  of  the  sartorius,  gracilis,  and  semi-tendinosus,  but  the  lower 
part  of  the  internal  lateral  ligament  of  the  knee  was  attached  to  it, 
and  its  development  is  possibly  due  to  the  strain  upon  this  structure. 

The  articular  cartilage  covering  the  femur,  tibia,  and  patella  at  the 
knee-joint  appeared  to  be  quite  normal  The  muscles  of  the  body 
generally  were  feeble  and  the  ligaments  of  the  joints  lax.  On 
attempting  to  straighten  the  knee  the  iHo-tibial  band,  the  biceps,  and 
the  external  lateral  ligament  became  tense,  and  resisted  the  reduction 
of  the  deformity. 


Joun^  of  Anal,.  ^  Pf^s.  April  W97. 


H  B 


d'W' 


I 


Jotir.  ofAnat.  amJ  Plii/x.,  April  1897. 


Filirilsorextenaor  muscle  of  crab'*  !«g,  uucoiitraeted  and  fully  extruded,  showinj 
Bowman's,  Doble's,  and  Fliigel'e  elemeats.  Formal,  heliociiia,  glycerine, 
Zeiss  |*R  liomogfii.  Obj.     Ci>m)iare  I'latc  XII. ,  liga.  S  and  4. 


Kl.i.  2. 
Fibiila  of  muscle  of  crab's  k'g,  untcmtraeted  and  imeitoiided,  sbowiuj;  Bowniau's 
and  Dobic's  elements.    Fli^errtrlemcDtBUTenot  B«en.    MltUcraiidsp.,  lielio- 
cine,  baleam.     Zeiss  ,'>  liomo^en.  Obj.     Compare  PI.  XII.,  fl)C.  14. 
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Fig.  3. 
Bundle  of  aemt-coutriictMl  librlls  from  muscle  ol  crab'*  leg,  Bhowing  deoided 
shortening  of  the  interi'al  betvreeii  ends  of  Bowman's  elements,  also  some 
shorteniDg  of  Bowmaii'a  elements  and  tlie  chromatin  iMginning  toaccnmuUta 
at  their  ends.     Mtlller  and  n[i.,  eosine,  glyc.  4  mm.  a|Hiclirom.  Obj, 


Fni.  i. 
A  fnrtlicr  Hlage  of  con  tract  ion  ot  cnit'e  hg  muscle,  showing  bundles  ot  fibrilB 
crossed  by  dim,  coarsely  gronular-looking  bands,  formed  by  adjacent  ends  of 
Bowman's  elements  snollen  with  chromatin  and  Dobie's  elements  between 
them,  although  iuvimble.  Heiiaen'H  line  is  seen  crossing  the  light  band,  ni>w 
oonaieting  of  the  shallsor  Bo»-man'a  elements.  Mode  of  preiinration  and  Obj. 
same  as  in  fift.  3. 
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Fnlly  cuiitiacted  uusde  nf  crsbV  If)c,  xliimiiiK  coniiiletp  Teversal  of  the  strijies. 
Tlie  liglit  bsndti  coiiHist  of  the  sliafts  of  BownisD's  elements,  IVom  vliii^h  the 
cliromatin  has  entirely  iiioreil  to  tlie  evds,  tiow  much  swollen  and  bulf^iig  at 
the  border  of  tlic  fibre.  Heiiwn's  line  is  -*eniii  the  middle  of  Hie  Ii((ht  lands. 
At  tlio  marxiii  of  tlie  figure  a  tibn-  in  seen  with  a  diiferent  focus,  Hhoning 
reversal  of  the  liglit  and  dim  a]i]ieamnoes  of  the  bands,  resalting  from  tbe 
convexity  formed  by  the  bwoIIpii  ends  of  BoTrman's  elements  and  the  con- 
cavity due  to  tliclr  almt)'!'.     Modf  iif  ]>re]iaratian  and  OIij.  same  as  in  figs.  3 


yol.  XXAT  {MS.  Vo!.  XI.)  PI.  XIV. 


Contnictei)  uiucle  photograjilied  with  '/Msa  2  inni.  ajxicbruiiiiitic  ObjectiTo  from 
same  iire^iaiatiuii  an  lig.  G.  Tlie  Objective  lias  resolved  the  dim  bands,  wlilch 
are  now  mxu  to  have  tlie  coiii{>03itioii  shoirn  at  an  parlior  stHgu  in  llg.  3. 


A  bundle  of  cootracted  fibrils  pliotogiaphed  with  Zeiss  fg  liomogsneous  Objectivi 
finm  same  prejiawtion  as  fig.  D. 
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ON  THE  ACTION  OF  INFUSED  BEVEEAGES  ON 
PEPTIC  AND  PANCEEATIC  DIGESTION.  By 
Jambs  W.  Eraser,  M.D.,  C.M.EA,  M.RC.S.Eng. 

The  following  paper  embodies  the  results  of  a  series  of  experi- 
ments continuing  those  published  in  this  JouTnaly  vols,  xviii 
p.  13,  XX  p.  361,  and  xxi.  p.  337. 

The  experiments  were  commenced  several  years  ago,  and  have 
remained  unpublished  for  lack  of  the  time  to  properly  examine 
them,  but  may  now  be  described,  if  only  to  complete  the  series  ; 
although  the  researches  of  Ewald  and  Boas,  of  Hayem,  and  of 
their  pupils,  in  the  intervening  period,  have  thrown  fresh  light 
on  the  processes  of  digestion. 

The  experiments  detailed  in  voL  xviii  were  on  the  action  of 
various  beverages  on  peptic  digestion,  and  the  results  were  esti- 
mated from  the  amount  of  organic  matter,  nitrogenous  and 
otherwise,  which,  after  digestion,  passed  through  parchment 
paper  dialysers. 

In  vol.  XX.  the  same  results  were  re-€xamined  by  a  different 
process,  the  amount  of  nitrogen  contained  in  the  dialysed  organic 
matter  being  taken  as  the  basis  of  calculation,  only  peptones  and 
nitrogenous  extractives  being  thus  estimated;  in  vol.  xxi  the 
action  of  the  three  typical  beverages  on  the  peptic  and  tryptic 
digestion  of  the  proximate  principles  of  food  stuffs  was  examined, 
digestion  being  carried  on  in  a  new  apparatus,  but  the  estima- 
tion of  the  peptones  by  the  nitrogen  process. 

In  the  present  series  of  experiments  the  digestive  processes 
were  carried  on  in  the  same  apparatus  as  in  those  last  mentioned, 
and  in  that  paper  the  arrangements  are  fully  described  and  the 
groimds  on  which  they  were  based  set  forth.  In  vol.  xx.  the 
process  of  estimating  the  organic  nitrogen  dialysed  is  described, 
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and  that  process  was  followed  in  these  experiments.  In  the 
cases  of  pancreatinic  digestion,  where  glucose  had  to  be  esti- 
mated, Fehling's  process  was  used. 

Before  describing  the  experiments  it  must,  as  in  former  papers, 
be  premised  that  all  vital  phenomena,  such  as  secretion  and 
muscular  movement,  are  ignored,  and,  by  the  nature  of  the  ex- 
periments, attention  is  paid  only  (a)  to  the  actions  of  a  given 
<][uantity  of  each  beverage  on  the  proteolytic  action  of  a  given 
quantity  of  artificial  gastric  juice,  and  on  the  proteolytic  and 
amylolytic  action  of  a  given  quantity  of  artificial  pancreatic 
juice  on  a  given  weight  of  albuminoid  or  carbohydrate  food 
stuff;  and  (b)  to  their  actions  on  the  dialysis  of  the  resulting 
pqptones  and  glucosa 

Absorption  from  the  stomach  and  bowel  can  hardly  be  con- 
sidered as  a  simple  osmosis :  vital  action  of  cells  takes  a  part  in 
it,  as  evidenced  by  the  dehydration  of  peptones  as  they  pass 
throu^  their  walls,  and  by  the  absorption  of  fats  into  the  intes- 
tinal epithelial  cella 

With  such  more  complicated  actions  these  experiments  have 
nothing  to  do. 

It  may  be  convenient  to  give  a  brief  sketch  of  the  process  of  experi- 
ment^ referring  to  the  former  papers  for  details.  The  peptic  fluids 
employed  were  two : — 

(a)  In  one  set  of  experiments,  a  personally  prepared  fluid  having 
the  following  composition : — 
Pepsina  Porci,  5  grms. 

Hydrochloric  acid,  10  per  cent,  solution,  2  c.c.^ 
DistiUfid  water  to  100  c.c. 
The  whole  digested  together  for  twenly-four  hours  at  37*7''  C.  and 
filtered. 

^  Ewald  and  Boas  have  shown  {Berlin.  Uin.  Woeh,,  1886,  pp.  38.  50, 118  ; 
Arcfwo  f^  Path,  Anat  und  Phys,^  cL  p.  825,  and  civ.  p.  271)  that  peptic  diges- 
tion in  the  earlier  stages  proceeds  in  presence  of  lactic  acid,  and  that  hydrochloric 
acid  only  appears  later;  and  are  confirmed  hy  Ellenherger  and  Hoflbieister 
{Arch,  far  dia  Oes,  Phya.,  zlL  p.  484),  Landwehr  (Arch,  fUr  AnaL  und  Phys. 
Abth.,  1890,  p  280).  Ponlet  {Areh.  de  Phya.,  1888,  let  Oct)  states  that  hip- 
pnric  acid  is  the  only  one  present  during  gastric  digestion  in  the  human  subject. 
Boas  {ZdUcMiflfUr  Jdin.  Mad.,  xzv.  p.  285)  has  shown  that  the  lactic  acid  is  not 
secreted,  but  derived  from  food  fermentationB,  and  this  is  confirmed  by  Cahn  and 
Mehring  (^^r^in.  Jdin.  Woch.,  1886,  p.  682),  Wagner  {Fratch,  1893),  and  Lock- 
hart  Gillespie  {Jow.  of  Path,  and  Baet.,  Feb.  1893,  and  Jour,  of  AnaL  and 
Phya.,  xzviL  p.  195).  It  was  in  acoordanoe,  therefore,  with  the  minority  of 
opinions  that  hydiochlorio  was  the  only  acid  used  in  these  experiments. 
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(h)  In  a  second  set,  one  prepared  from  Benger's  Liquor  Peptious : — 
Liqaor  Peptieus,  20  c.c. 
Hydrochloric  acid,  10  per  cent,  solution,  2  c.c. 
DiBtilled  water  to  100  c.c« 

The  Liquor  Peptieus  wsa  neutralised  with  sodic  carbonate  before 
mixing  with  the  hydrochloric  acid  and  water. 

The  pancreatic  fluids  were  also  two  in  number :  (a)  was  made 
from  Eiihne's  pancreas  powder,  personally  prepared  (pig's  pancreas 
exhausted  with  aleohol  and  ether  and  dried  at  37^7**  C.) ;  the  powder 
was  not  weighed,  but  digested  at  the  room  temperature  for  twenty- 
four  hours  in  *2  per  cent,  hydrochloric  acid  to  convert  all  zymogens 
into  ferments,  and  then,  having  been  made  alkaline  to  the  extent  of 
1  per  cent,  with  sodic  carbonate,  the  mixture  was  digested  for  one 
hour  at  37*7"  G.  and  the  solution  filtered  off.  Sufficient  fluid  was 
made  to  serve  for  aU  the  experiments  in  which  it  was  used ;  (b)  the 
second  pancreatic  fluid  was  Benger*s  Liquor  Pancreaticus.^ 

The  following  beverages  of  the  strengths  given  were  subjected  to 
experiment : — 

Of  the  teas  (infusions  of  prepared  leaves),  ordinary  black  tea,  a  very 
cheap  congou  tea,  green  tea,  a  compressed  tea  from  Bussia,  tea  infused 
with  water  made  alkaline  with  a  trace  of  sodic  carbonate,  mat^  and  coca, 
all  of  the  strength  ol  2*5  grms^  to  100  c.c^  of  water,^  the  water  being 
boiled  and  the  leaves  infused  in  it  for  twenty  minutes. 

Of  the  coffees  (infusions  of  prepared  seeds),  ordinary  coffee,  coffee 
prepared  as  closely  as  possible  after  the  Arab  method  as  described  by 
Palgrave,^  coffee  with  chicory  (4  parts  of  coffee  to  1  of  chicory), 
all  of  the  strength  of  3  grms,  to  100  c.c.  of  water,^  boiled,  and, 
except  in  the  case  of  'Arab'  coffee,  poured  through  the  powder 
placed  in  a  suitable  strainer.     A  15  per  cent,  coffee  was  also  used. 

Of  the  cocoas  (gruelly  mixtures  of  roasted  ground  seeds  and  water), 
Epps's  cocoa,  as  a  type  of  those  preparations,  in  which  the  fatty  seed  is 
diluted  with  starch  and  sugar,  of  the  strength  of  7  grms.  to  100  c,c. 
of  water,^  the  water  boiled  and  the  powder  simply  mixed  with  it ; 
Schweitzer's  cocoatina,  to  represent  those  in  which  most  of  the  fat 
has  been  removed,  prepared  in  the  same  way  as  the  last,  but  of  the 
strength  of  1*5  grms.  to  100  c.c.  of  water  ;^  chocolate,  6*5  grms.  to 
100  C.C.  of  water,  the  powdered  chocolate  boiled  in  the  water  for  a 
few  minutes ;  khola  chocolate,  prepared  in  the  same  way  and  of  the 
same  strength ;  and  guarana,  of  the  strength  of  5  grms.  to  the  100  c.c. 
of  water,  and  prepared  like  the  cocoas. 

Two  other  beverages,  derived  from  the  TJieobroma  cacao,  were  also 

^  Uaed  as  well  as  Eahne*s  pancreas  powder  by  Sheridan  Lea  (Jowr,  of  Phys,, 
1890,  vol.  ii.  p.  227). 

'  These  beverages  are  weaker  than  those  i^sed  by  Sir  W.  Roberts  in  his  experi- 
ments {Disteties  and  Dyspepaia^  p.  28),  but  are  founded  on  approved  cqlinary 
recipes. 

'  CsrUral  and  Eastern  Arabia^  6th  edition,  p.  86. 

*  Weaker  than  in  Sir  W.  Roberts'  experiments,  2ae.  cU, 

B  Stronger  than  in  Sir  W.  Roberts'  experiments,  loc,  eU, 
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used  in  the  experiments,  viz.,  the  infusion  of  the  seeds  or  nibs,  5  grms. 
to  the  100  c.c.  of  water,  infused  for  an  hour  and  a  half  at  a  tempera- 
ture of  about  80°  C. ;  and  that  of  the  husks  (known  as  '  miserables '), 
of  the  same  strength  and  prepared  like  a  tea. 

These  beverages  were  divided,  for  the  purposes  of  the  experiments, 
into  two  classes, — a  typical  and  more  important,  numbering  only 
three,  ordinary  tea,  ordinary  coffee,  and  Epps's  cocoa;  and  a  less 
important,  containing  the  other  beverages.  The  more  important  had 
their  effect  on  digestion  tested  with  white  and  yelk  of  egg,  roast 
beef,  boiled  salt  beef,  roast  mutton,  ham,  fowl,  fidi,  bread,  and  potato, 
with  both  the  personally  prepared  and  the  Benger  flui(^.  The  less 
important  were  tested  with  white  of  egg,  and  a  few  with  beef  and 
with  bread,  with  the  Benger  preparations  only.  The  meats  used 
were  cooked  in  the  ordinary  way  and  finely  minced,  the  yelk  and 
white  of  egg  hard-boiled  and  pressed  through  a  sieve  to  form  threads 
and  the  bread  finely  crumbled.  With  each  batch  of  three  beverages 
a  control  experiment,  with  water  in  the  same  proportions  and  under 
identical  conditions,  was  performed.  The  process  of  digestion  was  as 
follows :  Usually  2  grms.,  but  sometimes  5  grms.,  of  the  meat  were 
digested  with  20  c.c.  of  the  peptic  fluid  and  10  c.c.  of  the  beverage 
— or  of  water  in  the  control  experiments — in  a  small  dialyser,^  sus- 
pended in  a  beaker  containing  120<5.c.  of  '2  per  cent,  hydrochloric 
acid  solution,  the  whole  being  kept  at  37*7°  C,  and  the  arrangements 
for  stirring  and  maintaining  an  even  level  inside  the  dialyser  and  out 
being  the  same  as  described  in  vol.  xxi.  Digestion  having  gone  on 
for  six  hours,  the  dialysiate  in  the  beaker  was  removed  and  kept  for 
examination.  The  contents  of  the  dialyser  were  made  alkaline  to  the 
extent  of  1  per  cent,  of  sodic  carbonate  and  5  c.c.  of  the  pancreatic 
fluid  added,  the  dialyser  was  replaced  in  the  beaker,  now  containing 
140  c.c.  '1  per  cent,  sodic  carbonate  solution,  and  digestion  con- 
tinued for  six  hours  at  37 '7'*  C.  The  dialysiate  was  again  removed  and 
put  aside  for  examination,  and  its  place  taken  by  140  c.c.  of  distilled 
water,  and  the  whole  apparatus  heated  until  the  temperature  in  the 
dialyser  was  raised  to  80*"  G.  to  destroy  the  ferments,  and  dialysis 
allowed  to  continue  for  twenty-four  hours,  the  apparatus  cooling  to 
the  room  temperature. 

For  the  estimation  of  the  peptones  produced  the  nitrogen  process 
was  followed.  Measured  quantities  of  the  dialysiates  in  each  stage 
were  evaporated  to  dryness  with  a  little  purified  sodic  chloride  (to 
make  them  manageable),  and  weighed.  Weighed  quantities  were  incin- 
erated with  soda  lime  in  combustion  tubes,  and  the  evolved  ammonia 
received  in  a  special  apparatus  and  estimated  by  Nessler's  process. 

^  Experiments  on  digestion  carried  on  in  dlalysers  suspended  in  acid  or  alka- 
line fluids,  as  the  case  may  be,  have  been  made  by  Eronecker  {OscIUeidens  Phys. 
Mit.,  p.  206),  Wolffhiigel  {PflUger's  Arch,,  1878,  p.  189),  by  Lockhart  Gillespie 
{Jour,  of  Path,  and  Bad.,  Feb.  1893),  and  by  Sheridan  Lea  {Jour,  of  Phys., 
1890,  vol.  ii.  p.  227),  who  compares  the  results  of  digestion  in  parchment  paper 
tubes,  with  suitable  mixing  arrangements,  with  those  of  digestion  in  flasks  or 
beakers,  greatly  to  the  advantage  of  the  former. 
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The  results  were  calculated  by  formula  given  with  the  description 
of  the  process  in  vol.  xx.,  and  were  tabulated  as  *  Peptic,'  *  Tryptic,* 
and  '  Dialysis '  results  respectively ;  but  from  considerations  detailed 
in  that  paper  it  was  shown  that  the  '  tryptic ''  results  represent  chiefly 
those  of  peptic  digestion,  and  those  in  the  'dialysis-'  stage  those  of 
tryptic. 

To  eliminate  error  resulting  from  dialysable  nitrogenoua 
matter  present  in  or  resulting  from  the  digestion  of  the  diges- 
tive fluids  or  beverages,  experiments  were,  as  in  the  former 
series,  performed  with  water  and  the  beverages,  but  with  no 
food  stui&,  and  the  results,  calculated  for  each  stage  and  known 
as  *  Factors,'  were  deducted  from  the  figures  obtained  by  the 
digestion  of  the  food  stufiGs. 

These  '  Factor '  figures  are  shown  in  Tables  A,  B,  and  D, — 
Table  A  containing  the  results  with  the  personally  prepared 
digestive  fluids;  Tables  B  and  I>  those  with  the  Benger  pre- 
parations. 

If  the  '  Totals '  in  the  case  of  water  as  the  beverage — that  is 
to  say,  the  nitrogen,  derived  from  the  digestive  fluids  alone — are 
compared,  it  will  be  found  in  the  four  instances  in  which  they 
appear  in  these  tables  tibiat  they  do  not  greatly  differ,  nor  is  the 
difiference  very  great  in  the  various  stages,  except  in.  the  tryptic 
stages  in  Table  D,  which  are  nearly  double  of  those  in  Tables 
A  and  B. 

Examining  next,  in  the  same  three  tables,  the  figures  under  the 
heads  of  the  various  beverages,  the  '  Totals '  which  contain  the 
nitrogen  derived  from  the  beverages  and  digestive  fluids  show 
five  cases  in  which  the  results  are  smaller  than  that  with  water 
as  the  beverage  in  their  own  group,  viz.,  cocoa  (Table  B),  15  per 
cent,  coffee,  khola  paste,  cocoatina,  and  guarana.  In  the  case  of 
chocolate  the  figure  ia  identical  with  that  with  water  as  tho 
beverage. 

The  five  former  figuares  indicate  that  not  only  has  the  beverage 
yielded  little  or  no  nitrogenous  matter  to  digestion,  but  that  it 
has  also  held  back  some  of  the  xutrogenous  matter  of  the  diges^ 
tive  fluids  from  digestion  or  dialysis.  It  may,  however,  be  noted 
that  in  the  'peptic'  stage,  in  which  the  beveragea  would  still 
contain  their  highly  difi^ble  alkaloid,  even  they  in  no  case  fall 
behind  the  result  with  water  as  the  beverage.    The  result  with 
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15  per  cent  coffee  is  small,  because  it  was  subjected  to  experi- 
ment at  quite  a  different  time  from  the  rest,  and  presumably 
with  digestive  fluids  of  lower  nitrogen  strength,  but  even  it  in 
the  peptic  stage  yields  more  nitrogen  than  not  only  the  water 
experiment,  but  also  that  with  ordinary  coffee  (Table  B).  The 
small  results  with  the  cocoa  bevew^s  are,  however,  susceptible 
of  a  different  explanation,  to  be  referred  to  later  on.  Between 
the  experiments  in  Tables  A  and  B  with  the  same  beverages,  but 
different  digestive  fluids,  there  is  a  general  correspondence,  but  the 
beverages  in  the  former  appear  to  have  contained  more  nitrogen 
than  those  in  the  latter.  The  total  amount  derived  from  the 
beverage  is  in  any  case  very  small,  never  e±ceeding  '0016  gnn., 
and  only  reaching  that  amount  in  the  tesult  with  coffee  in 
Table  A. 

The  results  with  coffee  aire  greater  than  those  with  tea,  because 
the  lattet  precipitates  some  of  the  albuminoids  of  the  digestive 
fluids,  which  the  less  astringent  coffee  does  not ;  cocoa  siao  pro- 
duces this  precipitate,  and  this  helps  to  make  its  results  so  small. 
This  precipitation,  concealed  in  the  case  of  unfiltered  cocoa,  was 
noticed  in  eVery  case  when  tea  was  imxed  with  a  digestive  fluid, 
and  did  not  appear  to  decrease  as  digestion  proceeded. 

The  total  dialysable  nitrogen  contained  in  each  beverage  is 
shown  in  Table  C,  and  is  very  small,  but  still  greater  in  the  case 
of  tea  than  that  derived  from  the  digestion  of  an  equal  quantity 
of  the  beverage,  as  shown  in  Table  B,  though  less  than  that  in 
table  A. 

If  the  '  Totals '  of  ihe  less  important  beverages,  contained  in 
li'able  D,  be  next  examined,  it  is  found  that  green  tea  yields  to 
digestion  nearly  twice  as  much  nitrogen  as  ordinal^  black  tea, 
and  that  the  addition  of  a  trace  of  Sodic  carbonate  to  the  infusing 
^ater  caus^  the  extraction  of  fully  a  third  as  much  more  nitro- 
genous matter,  probably  albuminoids  insoluble  in  plain  water. 
Coca  also  yields  a  highly  nitrogenised  beverage,  and  a  cheap 
congou  tea  yields  more  nitrogen  than  ordinary  black  tea  of  good 
quality.  All  Ae  cocoas  have  *  Total'  figures  fairly  close 
together,  the  miserables  (cocoa  husk  infusion)  showing  the 
largest  amount  of  dialysable  nitrogen. 

Before  examining  the  most  important  results  of  the  digestion 
of  meats — ^results  contained  in  Tables  E,  F,  G,  H,  and  I — ^it  may 
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be  well  to  say  a  word  about  the  principles  on  which  this  examina- 
tion will  be  conducted.  The  '  actual  result '  tables,  E,  F,  and  H, 
show  the  amount  of  nitrogen  in  each  case  as  determined  by 
experiment,  the  'Factor'  of  the  beverage  in  question  having 
been  first  deducted.  On  account  of  the  difficulty  of  rapidly 
appreciating  the  meaning  of  such  a  mass  of  figures,  a  percentage 
method  of  tabulating  has  been  followed  in  Tables  E,  G,  and  I : 
the  result  in  presence  of  water  as  the  beverage  is  taken  as  100 
per  cent.,  the  percentages  in  presence  of  the  infused  beverages 
being  calculated  from  this.  It  is  evident  that,  if  some  of  the 
meat  remained  undigested  at  the  end  of  the  experiment,  these 
percentage  figures  represent  the  digestive  power  of  the  mixture 
of  beverage  and  digestive  fluid  compared  with  that  of  a  mixture 
of  similar  quantities  of  water  and  digestive  fluid. 

The  percentages  will  be  found  to  be  both  above  and  below 
100  per  cent :  in  the  former  case  the  beverage  appears  to  assist 
digestion  or  dialysis,  or  both;  in  the  latter,  to  retard  one  or  both. 

In  arranging  the  beverages  into  those  which  assist  or  retard 
digestion,  certain  arbitrary  groupings  wiU  be  observed:  all 
figures  between  95  per  cent  and  105  per  cent,  will,  to  allow  for 
experimental  errors,  be  taken  to  show  that  the  beverage  had  no 
effect  on  the  digestion  of  that  meat ;  figures  above  105  per  cent, 
to  show  that  it  assisted,  and  those  below  95  per  cent  that  it 
retarded,  digestion;  dividing  these  latter  into  two  groups,  (a) 
a  'slightly  retarded'  between  95  per  cent  and  80  per  cent,  and 
(6)  a  *  decidedly  retarded  *  below  80  per  cent 

Examining  Table  E,  which  contains  the  results  of  the  experi- 
ments with  personally  prepared  digestive  fluids,  and  looking  first 
at  the  '  actual  results, '  it  is  found  that  there  are  several  minus 
quantities  among  them. 

These  are  the  *  dialysis '  results  with  bread  and  the  *  tryptic ' 
results  in  presence  of  coffee,  and  are  cases  in  which  tiie  amount 
of  dialysed  nitrogen  was  less  than  the  'Factor'  at  that  stage. 
An  attempt  to  explain  these  figures  will  be  made  later ;  in  the 
meantime  it  makes  it  impossible  for  bread  to  have  any  *  Total ' 
results,  and  for  percentages  to  be  calculated  from  the  minus 
resulta 

The»e  are  also  two  figures  most  noticeable  in  the  percentage 
half  of  the  table  which  will  have  to  be  disregarded,  viz.,  the 
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enormous  '  dialysis '  result  of  beef  digested  in  the  presence  of 
tea,  and  the  increased  'Total'  to  which  it  gives  risa  The 
dialyser  was  found  to  have  leaked  at  this  stage ;  hence  the  error. 

If  the  'Total'  percentages  are  first  considered,  it  is  found 
that  coffee  assists  the  digestion  of  white  of  egg,  and  tea  only 
slightly  retards  it,  while  coffee  decidedly  retards  that  of  beef. 

If  the  '  Peptic '  results  are  examined,  tea  is  found  to  slightly 
retard  the  digestion  of  white  of  egg  and  beef,  and  decidedly  that 
of  bread,  while  coffee  assists  that  of  beef,  and  does  not  affect  that 
of  white  of  egg  and  bread.  In  the  so-called  *  tryptic '  stage, 
tea  decidedly  retards  the  digestion  of  all  three  foods,  and  coffee 
that  of  beef,  while  it  does  not  affect  that  of  white  of  egg.  In 
the  'dialysis'  stage  tea  does  not  affect  the  digestion  of  e^ 
Coffee  assists  this,  but  retards  that  of  beef. 

In  Tables  F  and  G  are  the  actual  and  percentage  results  of 
the  largest  number  of  these  experiments,  many  of  the  figures 
being  founded  on  the  average  of  a  number  of  experiments,  the 
whole  Table  F  representing  the  actual  results  of  68  such  experi- 
ments of  three  stages  each,  and  of  24  of  one  stage  each. 

All  these  were  made  with  the  Benger  preparations ;  and  before 
their  results  can  be  accepted  as  anything  more  than  expositions 
of  the  efficiency  of  these  preparations  under  different  conditions, 
it  must  be  shown  that  the  results  are,  in  a  sufficient  number  of 
cases,  parallel  with  those  performed  with  the  personally  prepared 
digestive  fluids  whose  composition  and  mode  of  manufacture  are 
known.  That  this  is  no  mere  hypercritical  demand  for  accuracy, 
but  a  practical  necessity,  will  be  seen  when  the  experiments  on 
tryptic  and  pancreatinic  digestion  come  to  be  considered. 

In  comparing  the  actual  and  percentage  results  in  Tables  E 
and  O,  those  may  be  taken  as  confirming  one  another,  which 
in  both  tables  fall  into  the  same  classes  of  the  four  above 
described :  '  assisted '  (above  105  per  cent) ;  '  unaffected '  (105* 
95  per  cent) ;  *  slightly  retarded '  (95-80  per  cent) ;  and 
*  decidedly  retarded '  (below  80  per  cent). 

Leaving  out  the  results  in  the  *  dialysis'  stage  of  beef  digested 
in  presence  of  coffee,  on  account  of  the  above-mentioned  leakage, 
there  remain  17  results  in  Table  E  for  comparison  with  a  similar 
number  in  Tables  F  and  6.  The  table  on  the  page  opposite  shows 
a  close  correspondence  between  the  results  with  the  two  fluids 
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(a)  In  the  same  Class  in  both  Tables. 

Peptic  Stage. 

Egg,  Coffee. 

Unaffected  (E  and  G). 

Bread,  Coffee. 

Unaffected  (£  an4  G). 

Tryptic  Stage. 

Egg,  Tea. 

Retarded  (E  and  G). 

Beef,  Tea. 

Retarded  (E  and  G). 

Bread,  Tea. 

Retarded  and  minus  (E  and  F). 

Egg,  Coffee. 

Unaffected  (E  and  G). 

Beef,  Coffee. 

Retarded  (E  and  G). 

Bread,  Coffee. 

Minos  (E  and  F). 

Dialysis  Stage. 

Bread,  Tea. 

Minus  (E  and  F). 

Bread,  Coffee. 

Minns  (E  and  F). 

{b)  In  adjoining  Classes. 

Peptic  Stage. 

Egg,  Tea. 

Slightly  retarded  (E).i 
Unaffected  (G). 

Beef,  Tea. 

Slightly  retarded  (E). 
Retarded  (G). 

Dialysis  Stage. 

Egg,  Coffee. 

Assisted  (E). 
Unaffected  (G). 

Beef,  Coffee. 

Retarded  (£). 
Slightly  retarded  {G).« 

(e)  In  widely  separated  Classes. 

Peptic  Stage. 

Bread,  Tea*'' 

Retarded  (E). 
Assisted  (G). 

Coffee,  Beef. 

Assisted  (E). 
Slightly  retarded  (G). 

Dialysis  Stage. 

Egg,  Tea. 

Unaffected  (E). 
Retarded  (G). 

The  percentages  in  Tables  E  and  G  may  be  examined  together 
to  ascertain  what  are  the  efifects  of  the  beverages  on  digestion. 
Taking  the  very  broadest  basis  for  a  calculation,  viz.,  an  average  of 
all  the  percentage  '  Total  *  results  in  both  tables,  the  following 
figures  are  obtained : — ^Water,  100  per  cent. ;  tea,  91*00  per  cent. ; 
coffee,  97'25  per  cent ;  cocoa,  56*79  per  cent 

That  is  to  say,  the  united  results  of  very  numerous  experi- 
ments go  to  show  that  coffee  does  not  retard  the  digestion  of 
foods,  that  tea  does  so  slightly,  and  cocoa  very  decidedly. 

^  Only  *58  per  cent,  below  '  nnaffeoted '  class. 

*  Only  1*18  per  cent,  above  '  decidedly  retarded'  class. 
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Assisted. 


Unaffected. 


Slightly 
retaraed. 


Decidedly 
retarded. 


Assisted. 


Unaffected. 


Slightly 
retarded. 

Decidedly 
retarded. 


Assisted. 


Unaffected. 


Slightly 
retarded. 

Decidedly 
retarded. 


Tea. 


Ck)ffee. 


Cocoa. 


Peptic  Digestion, 


Yelk  of  Egg,  Ham, 
Bread  (Table  Q), 
Potato. 


White      of      Egg 
(Table  G). 


White  of  Egg  (Table 
£),  Boast  Beef 
(table  £),  FUh. 

Bread  (Table  E), 
fioast  Beef  (Table 
6),  Salt  Beef, 
Mutton  and  FowL 


Roast  Beef  (Table 
E),  Yelk  of 
Egg,  Ham,  Fish, 
Potato. 

White  of  Egg, 
Bread  (Tables  £ 
and  G). 

Roast  Beef  (Table 
G),  Fowl. 


Salt  Beef,  Mutton. 


Bread,  Potato. 


None. 


White  of  Egg,  Ham. 


Yelk  of  Egg,  Roast 
Beef,  Salt  Beef, 
Mutton,  Fish. 


Tryptic  Digestion, 


Ham,  Mutton. 


Yelk  of  Egg, 


Salt  Beef. 


^r 


Roast  Beef, 
read  (Table  £}, 
White  of  £^, 
Roast  Beef  (TaHe 
G),  Fowl  and 
Fish. 


Yelk  of  Egg,  Ham, 
Fowl. 


White  of  Egg 
(Tables  E  and 
G),  Fish. 


Salt  Beef. 


Roast  Beef  (Tables 
E  and  G), 
Mutton. 


None. 


None. 


Yelk  of  Bgg. 


All    Meats   except 
Yelk  of  Egg. 


Dialysis. 


Ham. 


White  of  Egg  (Table 
E). 


Yelk  of  Egg,  Salt 
Beef,  Mutton. 

White  of  Egg  (Table 
G),    Roast    Beef 
(Table  G),   Fowl 
and  Fish. 


White  of  Egg  (Table 
E),  Ham  and 
Fowl. 


White  of  Egg  (Table 
G),  Yelk  of  Effg, 
Salt  Beef,  FishT 

Roast  Beef  (Table 

G). 

Roast  Beef  (Table 
E),  Mutton. 


N'one. 


None. 


None. 


Every  Meat  used. 
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If,  next,  instead  of  thus  broadly  averaging  the  results,  the 

*  Totals '  for  each  meat  are  distributed  into  the  four  classes,  the 
following  results  come  out : — 

'  Assisted ' :  by  tea,  ham ;  by  coflfee,  white  of  egg  (Table  E), 
yelk  of  egg,  ham,  fowl,  and  fish ;  by  cocoa,  none. 

'  Unaffected ' :  by  tea,  none ;  by  coffee,  white  of  egg  (Table  G) ; 
by  cocoa,  nona 

'  Slightly  retarded ' :  by  tea,  white  of  egg  (Tables  E  and  6), 
yelk  of  egg,  salt  beef,  and  mutton ;  by  coffee,  roast  beef  (Table  G) 
and  salt  beef ;  by  cocoa,  none. 

'  Decidedly  retarded  * ;  by  tea,  Toaet  beef  (Table  G),  fowl,  and 
fish ;  by  coflfee,  roast  beef  (Table  E)  and  mutton ;  by  cocoa,  every 
meat  with  which  it  was  tried. 

The  only  meat  'assisted^  hy  both  tea  and  coffee  is  ham; 
'assisted'  by  coflfee  and  'slighffly'  retarded  by  tea  are  white 
and  yelk  of  e^ ;  slightly  retarded  1^  Iboth  tea  and  coffee  is  salt 
beef. 

There  are  two  or  three  meats  which  appear  irr^ularly  in 
widely  separated  classes  with  tea  and  coffee,  such  as  roast  beef, 
fowl,  and  fish ;  in  some  of  'their  Mgher  results  there  is  reason  to 
believe  that  leakage  had  taken  place,  e,g.,  the   '  tryptic '  and 

*  dialysis '  stage  of  the  digestion  of  fowl  in  presence  of  coffee ;  with 
cocoa  there  are  no  such  drregulanties,  all  the  meats  with  it 
giving  results  in  ttie  lowest  class. 

Thus,  as  originally  Siown. in  the  first  paper  of  this  series,  eggs 
and  salted  meats  have  more  than  custom  to  justify  the  position 
they  usually  hold  on  our  breakfast  tables. 

Considering  next  the  results  in  the  three  stages  of  the  experi- 
ments, the  tabular  form  will,  for  conciseness,  be  again  resorted  to. 

The  first  thing  to  be  noted  in  the  table  is  that  the  vegetable 
albuminoids,  though  giving  minus  figures  in  the  '  tryptic '  and 
'dialysis'  stages,  and  therefore  not  appearing  in  the  totals, 
appear  to  be  less  unfavourably  affected  in  peptic  digestion  than 
those  of  animal  origin :  thus  tea  and  cocoa  (Table  G)  assist  the 
digestion  of  bread  and  potato,  and  coffee  assists  that  of  potato. 
Coffee  (Tables  E  and  G)  has  no  effect  on  the  digestion  of  bread, 
while  tea  (Table  E)  appears  to  retard  it.  Hiis  is  the  solitary 
instance  in  which  the  peptic  digestion  of  vegetable  albuminoids 
is  retarded  by  any  infused  beverage,  and  may  easily  be  an  error. 
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as  the  amounts  dealt  with  are  very  small.^  The  other  results 
with  tea  and  coflfee  in  the  'peptic'  stage  are  practically 
the  same  as  the  '  Totals/  with  the  apparently  inexplicable 
exception  of  salt  beef,  which  in  this  stage  falls  into  the  *  decid- 
edly retarded*  class  with  both  beverages;  it  rises,  however,  a 
step  in  the  '  tryptic '  stage,  and  maintains  or  improves  its 
position  in  the  *  dialysia'  In  the  '  peptic '  stage,  with  tea  it 
just  misses  the  higher  class  by  -67  per  cent,  and  in  the  *  tryptic ' 
by  1*04  per  cent 

Ham  is  the  only  meat  which  in  all  stages,  and  with  both  tea 
and  coffee,  falls  into  the  '  assisted '  group.  Of  the  ^g  experi- 
ments with  coffee  as  the  beverage,  in  no  case  is  one  found  lower 
than  the  '  unaflfected '  group.  Tryptic  digestion  of  white  of  e^ 
is  retarded  more  than  20  per  cent  by  tea  (*  tryptic '  and  *  dialysis ' 
stages;  all  the  other  results  of  egg  with  tea  are  in  the  three 
higher  classes.^ 

The  irr^ukr  results  are  similar  to  those  in  the  *  Totals,'  viz., 
roast  beef,  fowl,  and  fish,  these  appeariiig  somietknes  in  higher, 
sometimes  in  lower  classes.  In  the  '  tryptic '  stage  with  tea, 
mutton  gets  into  the  assisted  class,  but  this,  being  its  solitary 
appearance  above  95  per  cent,  may  be  set  down  to  an  experi- 
mental error. 

With  cocoa,  except,  bread  and  potato,  no  foods  ever  rise  above 
the  'slightly'  retarded  class,  and  only  three  attain  that,  viz., 
white  of  egg  and  ham  in  the  '  peptic '  stc^e,  and  yelk  of  ^g  in 
the  'tryptic' 

In  comparing  the  effects  of  the  beverages,  on  peptic  and  tryptic 
digestion  it  will  be  well  to  look  only  at  the  '  peptic '  and  '  dia- 
lysis'  figures  respectively,  for,  as  pointed  out  in  voL  xxL,  the 
'  tryptic '  results  must  chiefly  consist  of  peptic  peptones.  On 
examining  the  table,  p^.  478,  it  is  found  that  ham  is  alike 
'assisted'  in  the  peptic  and  dialysis  stages,  by  tea  and  coffee, 
that  white  of  e^  (Table  G)  is  in  both  stages  '  unaffected '  by 

^  Tenjoldt  {JDetUsh.  ArcKfUr  Jdin,  Med.,  li.  p.  585)  showed  that  tea  fisKiili- 
tated  the  disappearance  of  bread  from  the  stomach.  In  the  former  paper 
(toI.  zz.)  it  was  shown  that  tea  assisted  the  peptic  digestion  of  gluten,  and  ooffee 
only  slightly  retarded  it,  bat  both  decidedly  retarded  its  tryptic  digestion. 

^  The  resnlts  with  egg  agree  closely  with  those  of  Herzen  in  his  experiments  on 
a  gastrotomised  patient,  in  which  he  found  that  ooffee  assisted  and  tea  did  not 
retard  the  digestion  of  white  of  egg  (Jievue  med.  de  la  Suisse  Momande,  1885). 
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coffee,  and  roast  beef  (Table  G)  only  'slightly  retarded/  while 
in  both  stages  tea  '  decidedly  retards '  the  digestion  of  roast 
beef  (Table  G),  and  of  fowl.  Coffee  *  decidedly  retards '  that  of 
mutton,  and  cocoa  of  all  meats  except  white  of  egg.  Thus  of 
the  results  recorded  in  Tables  E  and  G,  and  analysed  in  the 
table,  p.  478,  three  with  tea  as  the  beverage  show  no  difiference 
between  peptic  and  tryptic  digestion,  four  in  the  case  of  coffee, 
and  five  in  the  case  of  cocoa ;  it  may,  however,  be  noted  that  of 
these  twelve  results  with  similar  action  both  on  peptic  and 
tryptic  digestion,  seven  are  similar,  because  they  are  in  the  lowest 
possible  class. 

Of  cases  in  which  peptic  digestion  is  less  affected  than  tryptic, 
there  are  three  with  tea,  yelk  and  white  of  egg,  and  fish ;  three 
with  coffee,  roast  beef  (Table  E),  yelk  of  egg,  and  fish ;  and  two 
with  cocoa,  white  of  egg  and  ham. 

Of  the  reverse — ie.y  cases  in  which  tryptic  digestion  is  less 
affected  than  peptic — there  are,  again,  three  with  tea,  white  of 
egg  (Table  E),  salt  beef,  and  mutton ;  three  with  coffee,  white  of 
egg  (Table  E),  salt  beef,  and  fowl ;  and  with  cocoa,  none. 

Thus,  as  it  happens  that  a  number  of  meats  show  no  difference 
between  their  peptic  and  tryptic  digestibilities  in  presence  of 
these  beverages,  and  that  in  the  cases  of  tea  and  coffee,  a  nimiber 
are  more  unfavourably  affected  in  peptic  than  in  tryptic  digestion, 
and  an  equal  number  less  unfavourably  by  these  beverages,  the 
conclusion  may  fairly  be  drawn  that,  as  far  as  the  conditions  of 
these  experiments  with  Benger's  Liquor  Pancreaticus  are  con- 
cerned, the  action  of  the  beverages  is  much  the  same  on  tryptic 
as  on  peptic  digestion. 

Those  cases  in  which  peptic  is  less  unfavourably  affected  than 
tryptic  digestion  are  chiefly  those  of  the  '  breakfast '  meats,  viz., 
for  tea,  yelk  and  white  of  egg ;  for  coffee,  yelk  of  egg ;  and  for 
cocoa,  white  of  egg  and  ham;  and,  as  noted  above,  the  cases 
where  peptic  and  tryptic  digestion  are  similarly  affected  are 
chiefly  those  of  meats  whose  digestion  is  decidedly  retarded  in 
both  stages,  but  the  *  dialysis '  figures  with  personally  prepared 
pancreatic  fiuid  (Table  E)  of  the  digestion  of  white  of  egg  in 
presence  of  tea  and  of  coffee  show  that  this  was  not  retarded  by 
the  beverages.  The  *  dialysis '  figure  of  the  digestion  of  beef  in 
the  presence  of  coffee  in  the  same  table  shows,  on  the  other  hand, 
considerable  retardation. 
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As  to  the  action,  then,  of  the  beverages  on  tiyptic  digestion, 
the  conclusion  seems  to  be  that  the  action  of  Benger's  Liquor 
Pancreaticus  is  retarded  by  infused  beverages  very  generally, 
and  even  in  cases  where  the  action  of  Liquor  Pepticus  is  assisted, 
but  that  the  solution  prepared  from  fresh  Kuhne's  Pancreas 
Powder  is  not  so  much  retarded  in  its  action.  This  latter  result 
agrees  with  that  found  by  Sir  W.  Eoberts.^ 

The  results  of  the  experiments  with  the  less  important  bever- 
ages may  be  arranged  in  the  same  groups  as  the  others,  and  will 
be  found  in  Tables  H,  I,  and  for  rapid  inspection  in  the  table 
on  opposite  page,  in  which  the  meats  instead  of  the  beverages  are 
at  the  heads  of  the  columns,  reversing  the  arrangement  in  the 
former  tabular  statement.  Analysing  the  '  Total '  results  first, 
of  the  teas,  green  tea  does  not  appear  to  affect  digestion  unfavour- 
ably, neither  does  the  cheap  congou  nor  coca ;  compressed  tea  and 
mat^  do  Uttle  harm.  Of  the  coffees,  that  of  15  per  cent,  strength 
decidedly  retards  instead  of  assisting  digestion,  as  the  3  per  cent 
coffee  does,  thus  confirming  the  results  of  Sir  W.  Eoberts.*  The 
addition  of  chicory  has  the  same  effect,  but  coffee  made  in  the 
Arab  manner  has  little  retarding  action. 

Of  the  cocoas,  chocolate  and  guarana  assist  digestion,  cocoatina 
and  khola  chocolate  retard  it  decidedly,  but  *  miserables '  only 
slightly.  All  these  apply  to  the  digestion  of  white  of  egg,  but  a 
few  experiments  with  beef  and  with  bread  were  also  performed. 
Cocoatina  and  cocoa  nibs  retard  the  digestion  of  beef,  and  cocoa- 
tina, cocoa  nibs,  and  Arab  coffee  gave  minus  results  with  bread 
in  the  'tryptic'  and  'dialysis'  stages  (Table  H).  The  results 
with  the  less  important  beverages  are  derived  from  one  experi- 
ment, and  therefore  cannot  be  subjected  to  a  too  closely  critical 
examination  of  the  individual  st^es ;  still,  a  few  points  may  be 
noted. 

Gocoatioa  does  not  retard  the  peptic  digestion  of  bread: 
coffee  with  chicory  does  so  slightly,  and  cocoa  nibs  decidedly; 
the  peptic  digestion  of  roast  beef  is  also  decidedly  retarded  Irjr 
cocoa  nibs  and  cocoatina.  In  the  results  with  white  of  egg, 
digestion  is  assisted  in  all  its  stages  by  the  cheap  congou  tea, 
showing  that  from  this  point  of  view  cheapness  does  not  mean 

1  JHeteties  and  Dyspepsia,  p.  67.  ^  Ibid»,  p.  47. 
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Assisted. 

Unaffected. 

Retarded 
slightly. 

Retorded 
decidedly. 

Assisted. 

Unaffected. 

Retarded 
slightly. 

Retarded 
decidedly. 

Assisted. 

Unaffected. 

Retarded 
slightly. 

Retarded 
decidedly. 

Assisted. 

Unaffected, 

Retarded 
slightly. 

Retarded 
decidedly. 

White  of  Egg. 

Beef. 

Bread. 

PepHc  Digestion. 

Green  Tea,  Tea  with  Soda,  Cheap 
Congou,  Compressed  Tea,  Coca, 
Mate,   Cocoa  Nibs,   Goarana, 
Chocolate,  Khola. 

None. 

None. 

Cocoatina,  Miserables. 

None. 

Cocoatina. 

Arab  Coffee. 

None. 

Coffee    with 
Chicory. 

Coffee  with  Chicory,  Coffee  15 
percent 

Cocoa  Nibs, 
Cocoatina. 

Cocoa  Nibs. 

Tryptie  Digestion. 

Coffee  15  per  cent.,  Cheap  Congou, 
Chocolate. 

None. 

None. 

Mat^  and  Gnarana. 

Cocoatina. 

None. 

Coca,  Cocoatina,  Miserables. 

Cocoa  Nibs. 

None. 

Green  Tea,  Tea  with  Soda,  Gom- 
preaaed    Tea,    Arab     Coffee, 
Coffee   with    Chicory,    Cocoa 
Nibs,  Khola. 

None. 

None. 

JHalysis, 

Green  Tea,  Cheap  Congou,  Coca, 
Guarana,  Chocolate. 

None. 

None. 

Arab  Coffee. 

None. 

None. 

Compressed    Tea,    Mat^,    Arab 
Coffee,  Khola. 

None. 

None. 

Tea    with    Soda,    Coffee    with 
Chicory,  Cocoa  Nibs,  Qocoatina, 
Miserables,  Coffee  15  per  cent. 

Cocoatina, 
Cocoa  Nibs. 

None. 

Totcda, 

Green  Tea,  Cheap  Congou,  Coca, 
Guarana,  Chocolate. 

None. 

None. 

None. 

None. 

None. 

Compressed    Tea,    Mat^,    Arab 
Coffee,  Miserables. 

None. 

None. 

.Tea    with    Soda,    Coffee    with 
OhicoiT,  Coffee  15  per  cent., 
Cocoa  Nibs,  Cocoatina,  Khola. 

Cocoa  Nibs, 
Cocoatina. 

None. 
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unwholesomeness.  Mat^  does  not  greatly  retard  in  any  stage, 
and  assists  in  the  peptic. 

Chocolate  alone  of  the  cocoa  beverages  assists  digestion  in  all 
these  stages.  Cocoatina  does  not  affect  peptic  digestion,  but 
retards  tryptic,  being  in  the  lowest  class  in  the  '  dialysis '  stage. 
15  per  cent  coffee  assists  digestion  in  the  'tryptic'  st£^, 
but  decidedly  retards  it  in  the  other  two;  Arab  coffee  also 
decidedly  retards  in  the  'tryptic'  and  'dialysis'  stages,  but 
slightly  in  the  '  peptic ' ;  but  coffee  with  chicory  is  always  in  the 
lowest  class.  Guarana  in  all  three  stages  either  assists  or  does 
not  retard  digestion,  and  khola  chocolate,  while  retarding  in  the 
*  tryptic '  and  *  dialysis '  stages,  assists  in  the  *  peptic,'  thus  agree- 
ing with  the  results  of  Monnet.^ 

As  a  whole,  it  may  be  said  that  the  teas  and  cocoas  follow 
more  or  less  the  rules  which  might  have  been  deduced  from  the 
behaviour  of  their  typical  examples,  the  teas  assisting  the  peptic 
digestion  of  white  of  egg,  but  retarding  the  tryptic;  and  the 
cocoas,  though  many  of  them  assist  in  the  *  peptic '  stage,  very 
decidedly  retarding  in  the  other  two. 

The  coffees,  however,  diverge  from  their  typical  example,  all 
the  modifications  which  were  subjected  to  experiment  retarding 
digestion  more  or  less  in  nearly  all  the  stages. 

There  is  another  point  which  came  out  in  these  investigations, 
to  which  attention  may  be  drawn  here,  viz.,  the  effects  of  the 
typical  beverages  on  the  consumption  of  acid  during  the  process  of 
peptonisation.  This  was  detected  when  neutralising  the  contents 
of  the  dialysers  at  the  end  of  the  '  peptic '  stage ;  10  per  cent, 
sodic  carbonate  solution  being  used  for  the  purpose,  and  the 
amoimt  required  noted  in  each  case.  The  average  amounts  in 
all  the  experiments  with  water  and  the  thrcQ  typical  beverages 
were — with  water,  1*19  c.c. ;  with  tea,  1-30  c.c. ;  with  coffee, 
1-28  C.C.;  and  with  cocoa,  1-40  c.c.  These,  if  stated  as  per- 
centages, give  with  water,  100;  with  tea,  109*2;  with  coffee, 
197*5 ;  and  with  cocoa,  117*6 ; — showing  that  9  per  cent,  less  acid 
is  consumed  in  digestion  in  presence  of  tea,  7*5  in  presence  of 
coffee,  and  17*6  in  presence  of  cocoa.  These  figures,  then,  are 
confirmatory  of  the  general  average  of  the  *  Totals,'  p.  477,  in 
which  all  the  three  beverages  are  shown  to  retard  digestion, 

^  TlUse  de  Paris,  1884,  Monnet. 


i 


ACTION  OF  INFUSED  BEVERAGES  ON  DIGESTION.  485 

cocoa  the  most  and  coffee  the  least;  for,  as  is  well  known, 
acid  is  consumed  in  the  process  of  peptonisation,  and  anything 
which  retards  the  process  must  reduce  the  consumption  of 
acid. 

The  figures  on  p.  477  above  referred  to,  are  worthy  of  a  little 
further  consideration :  they  are  the  averages  of  ten  sets  of  '  Total ' 
results  in  Tables  E  and  G,  each  set  being  derived  from  one  or 
more  experiments.  Considering  them  in  the  light  of  some  state- 
ments  made  in  the  last  few  pages,  it  is  seen  that  they  are  unduly 
favourable  to  the  beverages,  for  they  are  derived  from  a  number 
of  experiments  on  meats  whose  digestion  has  been  shown  to  be 
assisted  by  these  beverages,  and  from  an  equal  number  whose 
digestion  is  generally  retarded,  but  which  give  here  and 
there  results  which,  though  regarded  with  suspicion  as  being 
possibly  experimental  errors — e.ff.,  that  with  fowl  digested  in 
presence  of  coffee  (Table  G) — ^yet  tend  to  show  that  the  meat  is 
occasionally  assisted  in  digestion  by  the  beverage. 

If,  then,  averages  be  taken  of  the  results  with  meats  in  the 
first  group,  viz.,  white  and  yelk  of  egg,  ham,  and  salt  beef,  the 
figures  run, — ^in  presence  of  water,  100  per  cent. ;  of  tea,  94-11 
per  cent.;  of  coffee,  10678  per  cent.;  and  of  cocoa,  68-89  per 
cent :  while  in  the  second  group,  viz.,  roast  beef,  mutton,  fowl, 
and  fish,  they  run, — ^in  presence  of  tea,  69-76  per  cent ;  of  coffee, 
87'90  per  cent. ;  and  of  cocoa,  53'98  per  cent ; — showing  in  the 
cases  of  tea  and  coffee  the  decidedly  more  advantageous  position 
of  the  'breakfast'  meats,  while  in  the  case  of  cocoa  there  is 
little  to  choose  between  the  two  groups. 


Summary  of  above  JEa^eriments, 

(1)  Infused  beverages,  as  a  rule,  retard  peptic,  and  possibly 
tryptic,  digestion  of  albuminoid  food  stuffs,  as  compared  with  the 
rate  of  digestion  with  water  as  the  beverage. 

(2)  There  are  certain  exceptions  to  the  above  in  the  cases  of 
the  teas  and  coffees ;  very  few  in  that  of  the  cocoas :  the  food 
stuffs  excepted  are, — for  the  teas  and  coffees,  egg  and  salted  meats ; 
and  for  all  three  beverages,  the  gluten  of  bread  and  other  vege- 
table albuminoids. 
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When  these  meats  are  retarded  in  digestion,  the  delay  is 
usually  less  than  with  other  meats. 

(3)  The  consamption  of  hydrochloric  acid  in  peptonisation  is 
reduced  by  all  three  beverages;  most  by  cocoa,  and  least  by 
coffee. 

Next  come  to  be  considered  the  possible  causes  of  these  actions 
of  the  beverages.  In  the  first  paper  of  this  series  (voL  xviii. 
p.  26  et  seq.)  they  were  enumerated  under  eight  heads,  and 
examined  by  the  processes  there  adopted,  and  as  far  as  they 
affected  peptic  digestion.  These  possible  causes  and  two  others 
are  here  re-examined,  both  as  to  their  actions  on  peptic  and 
tryptic  digestion. 

The  first  possible  cause  of  the  retarding  action  of  the  bevert^es 
is,  that  ferment  may  be  carried  down  by  the  precipitate  formed 
on  mixture  of  the  beverage  and  digestive  fluid,  and  may  fail  to 
be  completely  redissolved  during  the  progress  of  digestion.  This 
is  a  known  property  of  these  ferments.^ 

Coffee  does  not  cause  this  precipitate,  and  therefore  this  cause 
can  only  apply  to  tea  and  cocoa. 

The  experiment  was  tried  as  follows : — tea  was  mixed  with  the 
peptic  fluid  in  the  proportions  of  1  part  of  tea  to  2  parts  of  fluid 
and  the  mixture  filtered,  30  c.c.  of  the  filtrate  were  used  in  a 
digestion  experiment,  otherwise  performed  exactly  as  described 
on  p.  472,  the  only  difference  from  a  regular  experiment  being  that 
the  digestive  mixture  was  free  from  precipitate,  and  therefore 
from  any  pepsin  which  that  precipitate  had  entangled. 

A  '  Factor '  experiment  was  performed,  with  the  result  shown 
in  Table  J,  from  which  it  will  be  seen,  on  comparison  with 
Table  B,  that  the  nitrogenous  matters  dialysed  sustained  no  loss 
by  the  removal  of  the  precipitate,  but  rather  gained  ('0078  Table 
J,  "OOeQ  Table  B),  axKi  therefore  it  may  fairly  be  concluded  that 
the  precipitate  yielded  nothing  to  digestion.  It  must  be  said 
that  the  experiment  on  this  point  related  in  voL  xviii  led  to 
an  opposite  conclusion. 

Turning  to  the  results  of  the  digestion  of  white  of  egg  with 
this  same  digestive  mixture  (Tbble  K),  they  are  found  to  be 
opposed  to  the  effectiveness  of  this  cause,  for  the  '  total '  diges- 
tive power  of  both  peptic  and  tryptic  digestive  fluids  appears  to 

^  Handbook  for  Phyt,  Lab,,  Sanderson,  p.  521. 


ACnON  OF  INFUSED  BEVEBAGBS  OK  DIGESTION. 


487 


be  raised  by  the  removal  of  the  preeipitate  from  80  66  per 
cent.  (Table  G)  to  92*09  per  cent.  (Table  K).  The  efficiency 
of  this  cause,  therefore,  seems  more  than  doubtful,  although 
in  the  former  paper  the  experiments  led  to  the  opposite  con- 
clusion. 

The  two  next  possible  causes  may  be  considered  together: 
they  are,  (2)  the  coagulation,  by  the  tannic  acid  of  the  beverages, 
of  any  albuminoids  not  already  coagulated  by  the  beat  of 
cooking ;  and  (3)  the  tanning  and  contraction,  by  the  same  body, 
of  the  gelatinous  bands  in  the  meat,  caused  by  the  cooking  of  the 
perimiscium.  This  contraction  would  retard  digestion  by  pre- 
venting the  swelling  of  the  meat,  in  the  same  way  as  a  piece  of 
thread  firmly  wrapped  round  some  fibrin  prevents  its  digestion.^ 

The  following  table  shows  the  action  of  the  different  tannic 
acids  of  the  beverages  in  precipitating  various  albuminoids. 


Tannic  Acid. 

Albumen. 

Serum 
Albumen. 

Syntonin. 

Alkali 
Albumen. 

Gelatin. 

Of  Tea, 
„  Coffee,    . 
„  Cocoa,     . 

Precipitate. 

Slight  pre- 
cipitate. 

Sli^t  pre- 
cipitate. 

Precipitate. 
Precipitate. 
Precipitate. 

Precipitate. 

None. 

Precipitate. 

Precipitate. 
None. 

•  •  • 

Slight  pre- 
cipitate. 
None. 

None. 

Considerable  evidence  in  favour  of  the  action  of  both  these 
causes  can  be  drawn  from  experiments  already  described 

Thus,  in  the  chief  set  of  experiments,  it  was  found  that  coffee 
had,  as  a  rule,  a  less  retarding  action  on  digestion  than  tea,  and  it 
is  seen  from  the  above  table  that  caffeo-tannic  stcid  acts  as  a 
much  less  astringent  body  than  that  of  tea,  which  is  the  same  as 
that  of  oak  bark.  Further,  from  Payen's  analyses,  tea  contains 
nearly  2'5  times  as  much  tannic  acid  as  coffee. 

Among  the  bodies  least  influenced  by  tea  in  its  digestion  is 
white  of  ^g,  an  albumen  already  fully  coagulated  by  boiling, 
and,  further,  one  in  which  there  is  no  gelatinous  residue  of  a 
perimiscium  to  be  coagulated  by  the  tannic  acid.  There  is  thus 
nothing  in  the  white  of  egg  to  be  unfavourably  influenced 

^  HandJboohfor  Pkys.  Lah,,  Sanderson,  p.  488. 
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by  either  ef  £heee  •causes,  and  henoe  its  digestion  is  little  re- 
tarded. 

Again,  the  bet  that  salted  meats  are  little  retarded  in  digestion 
1)7  tea  is  in  favour  of  the  efi^ency  of  these  causes,  for  it  is  well 
floiown  that  a  solution  of  salt  is  an  excellent  solvent  of  the  colla- 
genous matter  of  white  fibrous  tissue,  and  it  has  been  used  for 
this  purpose  by  microscopical  observers  to  facilitate  the  teasing 
'Out  of  preparationa  The  perimiscium  being  thus  largely  dis- 
:solved  out  of  the  salt  meat,  cannot  leave  gelatinous  bands  to  con- 
tract, and  retard  its  digestion. 

Sir  W.  Boberts  attributes  one-half  of  the  retarding  power  of 
tea  to  its  tannic  acid  ^-r  from  these  experiments,  it  appears  as 
if  more  might  be  laid  to  its  charge.  Experiments  on  the  action 
•of  these  possible  causes  were  performed  as  follows, — ^three  equal 
•quantities  of  the  same  tea,  the  quantity  beii^  the  same  as  in  the 
regular  experiments,  were  infused;  the  first,  with  the  usual 
•quantity  of  water  for  2  minutes  ^ ;  the  second,  for  the  usual  20 
minutes  with  a  part  of  the  water,  and  in  the  rest  gelatine  was 
dissolved  in  the  proportion  of  four  parts  to  every  estimated  part 
of  tansic  acid  in  the  tea,  the  gelatine  solution  was  added  to  the 
infusion,  and  the  precipitate  partly  removed  by  filtering  through 
linen,  the  tannic  acid  being  thus  rendered  inactive ;  the  third 
quantity  was  boiled  for  five  minutes  with  the  usual  quantity  of 
water,  to  make  a  thorough  extract  of  the  leaves. 

The  *  Factors '  of  these  modified  beverages  are  given  in  Table 
L,  and  from  an  interesting  group,  showing  how  closely  the  re- 
sults of  the  processes  of  digestion  and  estimation  agree  among 
themselves :  the  thorough  extracting  of  the  tea  by  boiling  causes 
a  little  more  nitrogenous  matter  to  be  yielded  to  digestion,  and 
the  addition  of  the  gelatine  also  gives  a  slightly  increased  result, 
probalhly  derived  from  extractives  present  in  the  gelatine.    It 

^  Dietetiea  and  Dyspepsia,  p.  69.  Dr  M'Eechnie  of' Colombo  {Laneei,  1895,  vol. 
ii.  p.  998)  oonsidera,  from  experiments  in  vitrio,  and  on  the  monkey,  that  tannic 
acid  IB  not  the  active  agent  in  the  retarding  action  of  tea,  which  he  states  in- 
creases the  time  of  digestion  18  per  cent.  Ho  notes  no  difference  between  tea  in- 
fused 6  minutes,  20  minutes,  or  tea  from  which  the  tannin  is  removed  by 
gelatine. 

*  Sir  W.  Roberts  makes  light  of  this  precaution  (iWd.,  pp.  80  and  47),  and  a 
Lanea  'Commission'  (vol.  ii.,  1893,  p.  478)  also  shows  that  infusion  for  16 
minates  instead  of  6  only  increases  the  tannic  acid  from  89  to  92. 
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was  noted  that  all  three  gave  precipitates  ou  mixing  with  the 
peptic  fluid,  but  that  these  were  very  alight  with  the  'two 
minutes'  and  'tannin  free'  tea,  so  that  in  the  latter  case  it 
might  only  have  consisted  of  the  imperfectly  removed  tannate  of 
gelatine. 

The  results  of  the  digestion  of  roast  beef  in  presence  of  these 
beverages  are  given  in  Table  M,  where  the  '  totals'  show  that  the 
removal  or  reduction  of  the  tannic  acid  reverses  the  action  of 
the  tea  on  digestion,  and  that  its  concentration  in  the  boiled  tea, 
causes  the  retarding  action  to  be  kept  up. 

The  individual  results  in  the  various  stages  are  rather 
different,  for  all  three  modifications  appear  to  assist  peptic  diges- 
tion, and  *  tannin  free '  tea  assists  in  all  three  stages,  while  '  two 
minutes'  tea  only  retards  in  the  '  tryptic '  stage,  but  boiled  tea 
only  assists  slightly  (only  rising  2*3  per  cent  above  the  un- 
affected group  in  the  peptic  stage,  and  thereafter  considerably  re- 
tards digestion. 

These  experiments  and  the  deductions  mad(3  above  from,  those 
recorded  in  Table  G  seem  to  justify  the  assertion  that  (2)  the 
coagulation  by  the  tannic  acid  of  the  beverage  of  the 
albuminoids  of  the  meats  whieh  have  escaped  coagulation  by 
cooking,  and  (3)  the  tanning  of  gelatinous  bands  in«  the  meat,  are 
effective  causes  of  the  retardation  of  the  digestion  of  nkeat»by  tea 
and  cocoa.  The  fourth  possible  cause— retardation  by  the  action 
of  the  volatile  oils  of  the  beverc^s — was  not  re-examined :  this 
action  was  shown  (voL  xviiL  pi  28)  to-be  small  and  doubtfuL 

The  fifth  possible  eause — the  action  of  the  alkaloids  —  was 
also  not  re-examined :  it  was  shown  (vol.  xviiL  pp.  28  and  37)  to 
be  slight,  and  in  the  case  of  coffee^  at  any  rate^  to  act  in  the  direc- 
tion of  assisting  digestion,  so  that  the  alkaloid  may  be  the  aetive 
agent  where  digestion  is  expedited. 

The  sixth  possible  cause  is  the  precipitation  of  the  syntomn, 
alkali  albumen,  and  peptones,  as  formed  by  the  tannic-  aeid  of 
the  beverages.  No  further  experiments  were  performed  on  this 
point,  but  that  described  under  the  second  and  third  causes  is 
partly  applicable  to  this. 

It  is  known  that  tannic  acid  precipitates  peptones,  and  from 
the  Table,  p.  486,  it  is  seen  that  that  of  tea  and  cocoa  precipitated 
syntonin,  and  that  of  tea,  alkali  albumen.    It  is  therefore  evident 
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that  80  long  as  the  acid  remains  in  solution  in  the  fluids  of 
the  stomach  and  duodenum,  so  long  will  these  three  bodies  be 
precipitated  as  quickly  as  thej  are  formed.  This  possible  cause 
may  therefore  be  taken  as  efficient. 

The  seventh  possible  cause  is,  that  the  accumulation  of 
peptones  derived  from  the  digestion  of  beverages  (such  as  the 
cocoas)  containing  much  albuminoid  would  hinder  the  diges- 
tion of  the  albuminoids  of  the  meat:  this  only  applied  to 
the  experiments  under  the  conditions  of  the  first  series,  and  not 
to  these  later  experiments,  or  to  digestion  in  the  stomach,  in 
which  cases  dialysis  or  absorption  removes  the  peptones  as 
quickly  ^  formed. 

The  eighth  posaible  cause,  viz.,  the  covering  up  and  clogging 
of  the  food  by  the  suspended  solids  of  the  cocoas,  of  course  only 
applies  to  these  beverages. 

Experiments  were  performed  on  this  point,  with  the  results 
shown  in  Tables  J  and  K.  The  'Factor'  experiments  with 
filtered  cocoa  (Table  J)  shows  that  the  removal  of  the  suspended 
sohds  allowed  freer  dialysis  of  the  crystalloid  nitrogenous 
principles,  and  the  '  total '  result  with  filtered  cocoa  is  greater 
than  that  with  water  alone,  thus  difiering  from  that  with  unfil- 
tered  cocoa  in  Table  B. 

But  the  'total'  results  of  the  digestion  of  white  of  egg  in 
presence  of  filtered  cocoa  show  that  the  removal  of  its  sus- 
pended solids  only  slightly  reduced  its  retarding  power,  th& 
percentage  result  being  86*08  compared  with  77'11  with  un- 
filtered  cocoa  in  Table  G.  If  the  individual  stages  are  examined, 
however,  it  is  f oimd  that  in  the  peptic  stage  filtered  cocoa  assists 
the  digestion  of  white  of  egg,  while  in  the  *  tryptic '  and  *  dialysis ' 
stages  it  retards  it.  The  former  result  confirms  that  found  in 
the  former  paper,  voL  xviii  p.  31,  and  this  is  supported  by  the 
results  in  Table  I,  where  it  is  seen  that  cocoa  nibs  infusion, 
which  is  free  from  suspended  matters,  assists  digestion  in  the 
■'  peptic '  stage,  though  retarding  it  in  the  '  tryptic '  and '  dialysis  * ; 
and  cocoatina,  which  has  leas  suspended  matter  than  Epps'a  cocoa, 
does  not  retard  in  the  'peptic'  stage,  though  it  does  in  the 
'tryptic'  and  'dialysis.'  Chocolate  and  khola  paste  differ  in 
Action  from  the  above,  but  their  composition  is  too  complex  to 
•allow  deductions  to  be  made  from  their  action. 
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It  is  probable  that  the  greater  mixing  action  of  the  muscular 
movements  of  the  stomach  will  prevent  this  action  of  the  sus- 
pended matters,  which  the  stirring  arrangements  used  in  these 
experiments  were  not  suflBciently  powerful  to  effect,  but  it 
appears  sufficiently  proved  that  under  the  conditions  of  the 
experiments  the  clogging  action  of  the  suspended  matters  of  the 
cocoas  had  a  great  effect  in  retarding  peptic  digestion,  which 
might  otherwise  have  been  assisted  by  these  beverages,  but  that 
other  actions  were  at  work  in  retarding  tryptic  digestion. 

The  ninth  possible  cause  is  the  action  of  the  beverages  and  of 
tea  in  peirticular  in  retarding  the  conversion  of  syntonin  into 
peptoiie. 

Two  experiments  were  performed  on  the  model  of  the  *  peptic ' 
stage  with  white  of  egg  and  personally  prepared  gastric  fluid  in 
presence  (a)  of  water,  of  tea,  and  of  coffee  respectively. 

After  6  hours'  digestion  the  contents  of  the  dialysers  were 
rendered  alkaline  to  the  extent  of  1  percent,  with  soda  carbonate 
which  redissolved  the  syntonin,  at  first  precipitated,  the  solution 
was  filtered  to  remove  suspended  insoluble  matters,  and  the 
dialysers  and  filters  washed,  and  the  washings  filtered  and  mixed 
with  the  filtrate;  the  mixed  filtrates  were  neutralised  with 
dilute  hydrochloric  acid,  and  the  precipitated  syntonin  collected 
on  weighed  filters,  washed,  dried,  and  weighed,  with  the  follow- 
ing results :  syntonin  present  with  water  as  the  beverage,  "098 
grm. ;  with  tea,  -132  grm. ;  with  coffiBe,  -106  grm. 

In  the  second  (b)  experiment,  which  was  performed  on  the  same 
lines,  the  beverages  were  water,  water  with  the  tannic  acid  of 
10  c.c.  of  tea,  water  with  the  alkaloid  of  the  same  amount,  and 
water  with  the  volatile  oil :  the  results  were,  syntonin  formed  in 
presence  of  water,  '059  grm. ;  in  presence  of  water  and  tannic 
acid,  113  grm. ;  of  alkaloid,  '080  grm. ;  and  of  volatile  oil,  '082  grm. 

It  is  evident,  therefore,  that  this  cause  is  effective  in  the  retard- 
ing action  of  tea  on  peptic  digestion,  but  not  with  coffee ;  and 
further,  that  the  tannic  acid  is  the  active  agent,  though  the 
alkaloid  and  volatile  oil  may  assist.  It  must  be  undei-stood  that 
this  action  is  quite  different  from  that  discussed  under  cause  6* 
viz.,  the  precipitation  of  the  syntonin  as  formed :  the  syntonin 
in  this  case  remains  in  solution,  and  is  simply  prevented  from 
passing  into  the  state  of  peptone. 
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The  tenth  possible  caiuse  is  the  action  of  the  beverages  on 
dialysis,  which  appears  a  priori  possible  from  the  following  con- 
siderationa 

Traube  ^  showed  that  a  membrane  of  tannate  of  gelatine,  used 
as  a  dialyser,  allowed  the  passage  of  baric  nitrate  (molecidar 
weight  130),  but  would  not  allow  that  of  potassic  ferrocyanide 
(molecular  weight  211*4).  Haemoglobin,  though  a  crystalloid 
body,  will  not  dialyse,  on  account  of  its  high  molecukr  weight ; 
peptones  also  pass  with  great  difficulty  through  parchment 
paper,  and  thus  their  dialysis  would  be  easily  affected  by  the 
presence  of  other  crystalloids  in  solution  with  them. 

Experiments  were  made,  with  the  results  shown  in  Table  N^ 
by  the  following  process.  Sufficient  solution  of  peptone  in  '2 
per  cent,  hydrochloric  acid  was  made  to  supply  all  the  experi- 
ments :  thus,  though  the  quantity  of  peptone  was  unknown,  the 
strength  of  the  solution  was  the  same  in  each  experiment. 

Twenty  c.c.  were  placed  in  a  dialyser  arranged  as  in  the 
regular  process  of  experiment,  and  to  it  10  c.c.  of  beverage  were 
added.  When  tea  was  the  beverage,  a  precipitate  was  produced 
on  adding  it  to  the  peptone  solution. 

Dialysis  took  place  into  120  c.c.  of  '2  per  cent,  hydrochloric 
acid  solution,  and  lasted  for  six  hours.  At  the  end  of  this  time 
the  dialysiate  was  removed,  and  the  content  of  the  dialysers  were 
made  alkaline  to  the  extent  of  1  per  cent,  of  sodic  carbonate, 
dialysis  was  resumed  in  140  c.c.  of  distilled  water,  and  continued 
for  24  hours,  the  apparatus  being  first  heated,  until  the  tempera- 
ture in  the  dialysers  attained  80*"  G. ;  the  first  and  third  stages  of 
an  ordinary  experiment  being  thus  imitated.  The  beverages 
used  were  water,  the  three  typical  infused  beverages,  and,  fifthly, 
a  saturated  solution  of  sugar. 

Examining  the  percentage  results  in  Table  N,  it  is  seen  that 
tea  and  coffee  in  both  stages  iucreased  the  amount  of  peptone 
dialysed,  that  cocoa  was  practically  without  effect,  and  that  the 
syrup  greatly  reduced  the  amount  in  the  first  stage,  but  increased 
it  in  the  second. 

Its  action  in  the  first  stage,  no  doubt,  resulted  from  the  more 
mobile— that  is,  more  crystalloid — molecules  of  the  sugar  crowd- 
ing the  sluggish  peptone  molecules  away  from  the  pores  of  the 

^  CaUralhUU/Ur  dU  Med,  Wiss.,  1886,  p.  114. 
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parchment  paper ;  probably,  also,  the  molecules  of  sugar  being 
smaller  than  those  of  peptone,  could  pass  through  openings 
impassable  to  the  latter. 

By  thus  taking  advantage  of  their  numbers  and  mobility  in 
the  6  hours  stage,  so  much  sugar  would  pass  away  that  early  in 
the  24  hours  stage  an  equilibrium  of  sugar  inside  and  out- 
side the  dialyser  would  be  produced,  and  sugar  dialysis  would 
cease ;  then  the  peptones,  kept  back  in  the  first  stage,  and  therefore 
present  in  the  syrup  dialyser  in  greater  amount  at  this  period 
than  in  the  one  in  which  they  were  mixed  with  water  only,  could 
and  did  dialyse  in  larger  quantity  than  in  this  stage  of  the 
water  experiment.  That  this  is  the  correct  explanation  is  seen 
in  reference  to  the  actual  results ;  for  while  in  both  stages,  with 
water  as  the  beverage,  '0033  grm.  of  nitrogen  passed  through 
the  dialyser,  when  syrup  was  used,  "0034  grm.,  or  substantially 
the  same  amount,  was  dialysed.  Thus>  strong  syrup  retards  the 
dialysis  of  peptones  while  it  is  strong;  but  if  the  sugar  lost  by 
dialysis  is  not  renewed,  a  stage  will  be  reached  when  the  pep- 
tones will  be  able  to  reassert  themselves,  and  if  time  is  allowed, 
will  dialyse  in  as  large  quantity  as  if  mere  water  had  been 
mixed  with  them. 

The  action  in  the  case  of  tea  and  cofifee,  however,  is  to 
accelerate  dialysis,  not  to  retard  it*  If  it  be  objected  that  the 
figures  in  Table  N,  under  the  heads  of  these  beverages,  are 
deceptive,  and  depend  on  the  nitrogen  derived  from  the  beverages 
themselves,  a  sujficient  answer  is  found  in  Table  C,.  when  the 
dialysable  nitrogen  of  the  beverages  is  recorded,  and  it  is  seen 
that  with  tea  and  coffee,  if  the  whole  dialysable  nitrogen  they 
contain  were  subtracted  from  the  result  in  either  stage  of  this 
experiment,  the  change  would  be  only  one  of  degree,  and  not  of 
kind. 

Such  treatment,  however,  would  be  manifestly  unfair,  for  the 
results  in  Table  G  are  calculated  for  the  whole  dialysable  nitro- 
gen of  10  c.c.  of  the  beverage,  and  at  the  end  of  such  an  experi- 
ment as  described  above  some  of  this  would  still  remain  in  the 
dialyser. 

Further,  the  tea  precipitated  some  of  the  peptone,  which,  if  it 
had  remained  in  solution,  would  have  increased  the  amount 
dialysed. 
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It  is  therefore  evident  that  tea  and  coffee  by  some  means 
facilitate  the  dialysis  of  peptones  through  parchment  paper. 
The  action  of  cocoa  may  be  explained  as  a  balancing  of  opposing 
forces,  some  constituents  of  the  beverage  trying  to  force  more 
peptone  to  dialyse,  and  the  sugar,  on  the  other  hand,  retarding  its 
passage  through  the  parchment  paper.  It  is  to  this  action  of 
the  beverage  that  the  smallness  of  the  'Factor'  results  with 
the  cocoas  referred  to  on  p.  474  seems  attributable:  a  weak 
solution  of  dialysable  nitrogenous  matter  had  its  dialysKS  opposed 
by  a  syrupy  and  starchy  Uquid. 

This  action  also  throws  some  light  on  the  reversal  of  the 
action  of  coffee  on  digestion  by  the  addition  of  chicory,  the 
principal  element  introduced  into  the  beverage  by  the  latter 
substance  being  sugar.  Further,  the  minus  results  in  the 
'  tryptic'  and  *  dialysis'  stages  with  bread  (Tables  E  and  F)  are 
probably  attributable  to  the  same  cause:  bread  contains  but 
little  albuminoid,  and  that  easily  digested ;  it  would  be  pepton- 
ised  in  the  first  stage,  and  with  tea  or  coffee  its  dialysis  is 
accelerated  In  the  '  tryptic '  stage  the  digestion  of  the  starch 
commences,  and  the  fluid,  coming  to  contain  much  glucose  and 
little  peptone,  a  struggle  for  the  molecular  openings  in  the 
dialyser  is  set  up,  and  the  peptones  are  crowded  away  by  glucose, 
as  also  are  the  nitrogenous  crystalloids  of  the  beverage  and 
digestive  fluids,  with  the  result  that  a  minus  figure  appears  in 
the  table  in  this  and  the  next  stage. 

It  therefore  appears  that  tea  and  coffee  accelerate  the  dialysis 
of  peptones,  but  that  cocoa  has  little  effect.  Whether  this  action 
can  take  place  in  the  stomach  is  doubtful :  it  would  require  a 
very  large  dose  of  sugar  to  make  a  strong  enough  syrup  to  cause 
any  retardation  of  dialysis  from  that  organ,  but  the  accelerating 
actions  of  the  beverages  may  take  place  even  there. 

The  indications  as  to  the  causes  of  the  actions  of  infused 
beverages  on  digestion  may  be  summarised  as  follows  : — 

L  It  does  not  appear  that  the  precipitate  produced  by  tea 
and  cocoa  in  the  digestive  fluid  carries  down  with  it  any  ferment, 
so  as  to  render  this  inactive :  this  is  opposed  to  the  conclusion 
arrived  at  in  the  first  paper  of  the  series,  and  must  be  considered 
doubtful. 

II.  and  III.  The  tannic  acid  of  the  tea  and  cocoa  appears  to 
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retard  the  digestion  of  meat  by  coagulating  albuminoids  which 
have  escaped  the  action  of  cooking,  and  by  tanning  the  perimiscial 
gelatine. 

IV.  The  action  of  the  volatile  oil  was  not  re-examined :  it  is 
small  and  doubtful. 

V.  The  action  of  the  alkaloid  was  also  not  re-examined,  and, 
if  anything,  favours  digestion,  especially  in  the  case  of  coffee. 

YI.  The  tannic  acid  of  tea  and  cocoa  further  retards  digestion, 
by  precipitating  the  sjntonin,  alkali  albumen,  and  peptones,  as 
formed. 

VII.  The  accumulation  of  peptones  was  not  an  efficient  re- 
tarding cause  in  these  experiments. 

VIII.  The  clogging  action  of  the  suspended  solids  has  a  real 
action  in  hindering  digestion  under  the  conditions  of  these  ex- 
periments. 

IX.  Both  tea  and  coffee  retard  the  conversion  of  syntonin 
into  peptone,  the  most  active  principle  in  this  direction  being 
the  tannic  acid. 

X.  Both  tea  and  x^offee  accelerate  the  dialysis  of  peptones,  but 
cocoa  has  little  effect. 

Attention  may  next  be  turned  to  the  amylolytic  action  of  the 
pancreatic  fluid.  A  number  of  experiments  were  performed  to 
ascertain  the  effect  of  infused  beverages  on  the  pancreatinic 
digestion  of  "bread  and  potato :  they  were  performed  both  with 
the  personally  prepared  digestive  fluid  above  described,  and  with 
the  Benger  preparation.  Up  to  the  end  of  the  digestive  and 
dialysis  stages,  the  process  followed  was  exactly  that  described 
on  p.  472 :  the  dialysiates  from  the  tryptic  and  dialysis  stages 
were  mixed,  and  evaporated  to  small  bulk  on  a  water  bath,  the 
peptones  were  removed  by  precipitation  with  alcohol,  this  was 
removed  by  distillation,  and  the  sugar  in  the  residue  estimated 
by  Fehling's  process.  *  Factor'  experiments  were  made  with 
all  the  beverages,  but  only  three  contained  enough  carbohydrate 
to  make  these  necessary,  these  being  beverages  of  the  cocoa 
class,  and  the  *  Factors '  being  shown  in  Table  0,  fiom  which  it 
is  seen  that  Epps's  cocoa  and  chocolate  contained  about  equal 
quantities  of  carbohydrate,  and  khola  chocolate  only  about  one- 
fourth  as  much. 

The  actual  and  percentage  results  of  the  digestion  of  bread 
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by  the  personally  prepared  digestive  fluid  are  shown  in  Table  P, 
and  those  of  the  digestion  of  bread  and  of  potato  by  the  Benger 
preparations  in  Table  Q. 

As  experiments  with  bread  appear  in  both  tables,  these  may 
be  first  compared  as  a  test  of  the  value  of  the  results  with  the 
Benger  preparation,  and  between  the  two  a  serious  discrepancy 
is  found,  for  digestion  by  the  personally  prepared  fluid  is  seen 
not  to  sufifer  any  interference  from  the  presence  of  the  beverages, 
while  digestion  by  the  Benger  preparation  is  retarded  slightly 
by  coffee  and  cocoa,  decidedly  by  tea.  Therefore  the  effect  of 
beverages  on  the  digestion  of  starch  by  Benger's  Liquor  Pan- 
creaticus  cannot  be  taken  as  a  true  indication  of  their  effect  on 
its  digestion  by  more  simply  prepared  digestive  fluids,  or  on 
digestion  in  the  small  intestine. 

From  the  single  experiment  recorded  in  Table  P,  it  would 
appear  that  paucreatisic  digestion  is  unaffected  by  infused 
beverages. 

The  results  in  Table  Q  have  only  a  pharmacological  interest 
as  showing  the  effects  produced  by  the  beverages  on  the  diges- 
tion by  the  Benger  preparation,  and  they  appear  to  show  that 
these  beverages  retarded  the  digestion  of  the  starch  of  bread, 
but  assisted  that  of  potato.  From  Table  S  it  is  seen  that  the 
'  modified '  teas  all  retarded  the  digestion  of  bread,  '  tannin 
free '  tea  most  actively,,  thus  making  it  probable  that  some  other 
principle  than  the  tannic  acid  is  here  active. 

The  Conclusions  which  may  be  drawn  from  this  part  of  the 
paper  are  few  and  short. 

I.  In  the  small  intestine,  it  is  probable  that  infused  beverages 
have  no  effect  on  the  d^estion  of  starcL 

II.  Digestion  of  bread  by  Benger^s  Liquor  Pancreaticus,  is  re- 
tarded by  the  three  typical  infused  beverages,  that  of  potato 
accelerated  by  tea  and  coffee. 

DeI)UCTION& 

In  the  matter  of  the  use  of  infused  beverages,  three  classes  of 
habits  may  be  distinguished. 
The  first  may  be  called  the  continental  habit,  as  it  is  the  one 
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followed  by  most  of  the  great  European  nations, — ^Bussia,  Spain, 
and  Portugal  being  the  chief  exceptions. 

By  other  continental  nations,  infused  beveitiges  are  hardly 
taken  except  at  the  '  first  breakfast '  (which  consists  of  a  cup  of 
coffee  and  a  roU),  and  the  after-dinner  cup  of  coffee. 

In  Spain  and  Portugal,  chocolate  largely  takes  the  place  of 
coffee,  but  otherwise  the  customs  appear  to  be  the  same.  Tea 
is  regarded  by  all  these  nations  rather  as  a  medicinal  draught 
than  as  a  beverage. 

In  Britain,  on  the  other  hand,  tea  is  the  most  largely  used  of 
all  beverages,  and  has  been  so  since  its  introductioa  The  use 
of  coffee  is  steadily  decreasing,  and  that  of  cocoa  slowly  in- 
creasing. 

The  use  of  tea  in  England  is  regulated  by  the  other  two  of 
the  above-mentioned  habits ;  and  into  which  class  any  particular 
person  wiU  fall,  is  chiefly  a  question  of  wealth. 

The  richer  classes  use  infused  beverages,  usually  tea  or  coffee, 
at  breakfast,  afternoon  tea,  and  a  cup  after  dinner ;  the  poorer, 
on  the  other  hand,  use  almost  always  tea,  and  take  it  at  every 
meal,  and  the  women  often  between  meals  also.  In  this  latter 
class,  also,  the  Bussians  should  find  their  place,  the  samovar 
being  an  ever-boiling  institution  in  that  country. 

The  three  classes  of  consumers  of  infused  beverages  then 
are : — 

(1)  The  continental  class,  chiefly  drinking  coffee, — drinking  it 

accompanied  only  by  vegetable  food,  except  the  after- 
dinner  cup ; 

(2)  The  richer  British  class,  drinking  either  tea  or  coffee  at 

breakfast,  tea  at  afternoon  tea,  and  coffee  after  dinner ; 
accompanying  the  breakfast  beverage  with  vegetable 
food  and  eggs,  or  salted  meats,  and  the  afternoon  tea 
with  vegetable  food  only ;  and 

(3)  The  poor  British  class  and  the  Bussians,  drinking  tea 

almost  exclusively,  and  drinking  it   at  every  meal, 

whether  of  animal  or  vegetable  food. 
Now,  of  these  three  classes,  the  first  is  undoubtedly  the 
wisest :    it  has  been  seen  in  Tables  E  and  G  that  bread,  the 
typical  vegetable  food,  is  unaffected,  or  assisted  in  its  peptic 
digestion,  by  tea,  coffee,  and  cocoa  alike. 
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Sir  W.  Boberts  ^  ahows  that  tea  reduces  the  salivary  digestion 
of  starch,  but  that  coffee  and  cocoa  have  little  efifect ;  any  starch 
escaping  salivary  digestion  owing  to  the  action  of  the  tea  will 
be  acted  on  by  the  pancreatic  juice,  for  it  has  been  seen  in 
Table  P  that  infused  beverages  are  without  effect  on  pancrea- 
tinic  digestion  of  the  starch  of  bread. 

Thus,  people  who  follow  the  continental  habit  in  the  use  of 
infused  beverages  choose  the  one  which  acts  most  favourably 
on  the  digestion,  salivary,  peptic  and  pancreatic  of  the  bread, 
which  forms  the  solid  part  of  the  meal ;  and  by  leaving  the  use 
of  flesh  meat  to  meals  at  which  no  infused  beverage  is  taken, 
they  incur  no  loss  of  nutritive  material  Their  after-dinner  cup 
of  coffee  is  less  defensible:  when  taken  as  caf^  noir  of  about 
15  per  cent  strength  it  must  have  a  decidedly  retarding  action 
on  the  peptonisation  of  many  meats,  for  it  reduces  that  of  even 
white  of  eggs  by  nearly  50  per  cent  (Table  I).  Still  the  quantity 
taken  is  not  lai^;  it  is  often  taken  with  a  'petit  verre'  of 
cognac,  which  probably  stimulates  the  gastric  secretion,  and  also 
the  coffee  may  be  useful  in  counteracting  the  effects  of  other 
beverages  taken  during  the  meaL 

The  third  class  may  be  considered  next,  out  of  its  turn,  and 
has  as  its  type  a  lower  middle-class  English  family  consuming 
meat  at  each  meal,  and,  at  any  rate  in  the  case  of  the  female 
members,  drinking  tea  at  each  meal,  and  also  in  the  intervals. 

Breakfast  and  the  meal  called  '  tea '  consist  of  bread,  accom- 
panied at  the  former  and  usually  at  the  latter  also  by  meat, 
usually  salted,  or  by  eggs.  Dinner  and  supper  are  fresh-meat 
meals,  and  it  is  at  these  that  tea  will  most  retard  digestion ; 
but  this  may  not  be  entirely  harmful,  for  this  class,  when  fairly 
well-to-do,  consimie  more  meat  than  any  other  of  the  com- 
munity ;  and  the  retarding  action  of  the  tea  on  digestion,  by 
causing  some  of  this  to  be  excreted  unabsorbed,  may  save  them 
from  gout  and  from  kidney  diseases,  resulting  from  the  over- 
strain of  excreting  such  a  great  excess  of  nitrogenous  waste. 

On  the  other  hand,  among  the  very  poor,  who  with  difficulty 
obtain  a  single  meat  meal  in  the  day,  the  use  of  tea  with  this 
meal  is  the  cause  of  a  serious  loss,  unless  the  meat,  as  is  often 
the  case,  be  salted  (bacon  or  ham).    Thus,  if  a  meal  be  taken 

^  IXdeiia  and  Dffspqma,  p.  28  d  wf. 
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\rith  similar  proportions  of  meat  and  beverage  to  those  used  in 
the  experiments,  and  if  the  action  in  the  stomach  be  similar, 
6ome  such  result  as  the  following  will  ensue. 

Dalton^  calculates  the  daily -secretion  of  gastric  juice  at  3000 
C.C. ;  if  this  be  divided  equally  between  three  meals,  it  gives 
1000  C.C.  to  each ;  500  cc.  of  tea,  or  about  '88  pint,  must  be 
drunk  with  the  meal  to  make  the  proportions  similar  to  those 
of  the  experiments,  and  is  not  a  very  large  amount  If  the 
meat  consumed  were  mutton,  the  tea  would  reduce  the  amount 
peptonised  from  100  per  cent.,  which  would  have  been  digested 
in  the  presence  of  the  same  amount  of  water,  to  785  per  cent. 

If  coffee  were  the  beverage,  the  reduction  would  be  to  7096 
per  cent. ;  and  if  cocoa,  to  600  per  cent.  That  is  to  say,  suppos- 
ing four  ounces  of  mutton  were  eaten,  the  tea  would  reduce  the 
amount  digested  to  very  little  over  three  ounces,  the  coffee  to 
rather  less  than  three,  and  the  cocoa  to  about  two  and  a  half. 

The  second  variety  of  habit  above  referred  to  is  a  compromise 
between  the  other  two.  The  Anglo-Saxon  race  does  not  take 
kindly  to  a  vegetable  diet,  and  has  in  all  ages  been  celebrated 
for  its  vigorous  attacks  on  animal  food.  This  being  the  case, 
the  first  meal  of  the  day,  instead  of  being  purely  vegetable,  as 
in  the  first  variety,  has  to  be,  like  that  of  the  richer  portion  of 
the  third  variety,  a  meat  meal;  but,  whether  by  accident,  or 
whether  it  points  to  an  evolution  and  survival  of  the  fittest  in 
habit,  the  meats  usually  consumed  are  those  which  these 
experiments  have  shown  to  be  assisted,  or  but  slightly  retarded, 
in  their  digestion  by  infused  beverages,  viz.,  eggs  and  salted 
meats.  The  afternoon  tea  is  accompanied  only  by  vegetable 
food,  and  the  after-dinner  coffee  calls  only  for  a  repetition  of 
the  remarks  made  about  it  under  the  head  of  the  first  variety. 

Having  thus  discussed  the  existing  habits  as  to  the  use  of 
infused  beverages,  what  improvements  can  be  suggested  ? 

In  the  habits  of  the  first  and  second  varieties,  very  few :  the 
breakfast  of  bread  and  tea  or  coffee  is  best  from  the  point  of 
view  of  its  digestibility,  but,  if  habit  or  the  need  of  more 
nitrogenous  food  make  meat  at  breakfast  a  necessity,  little 
exception  can  be  taken  to  the  use  of  eggs  or  salt  meat 

No  more  tea  or  other  infused  beverage  should  be  taken  until, 

^  Human  Physiology,  p.  182. 
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at  any  rate,  4  or  5  p.m.,  when  the  'kettledrum'  cup  of  tea 
and  morsel  of  bread  and  butter  cannot  injuriously  affect  diges- 
tion, for  the  stomach  will  have  had  ample  time  to  dispose  of 
luncheon  taken  at  1.30  or  2  p.m.,  and  the  tea  will,  in  its  turn, 
have  been  absorbed  or  passed  through  the  pylorus  before  dinner 
at  6.30  or  7.  After  this  meal,  it  would  be  as  well  if  no  more 
infused  beverage  were  taken,  though  a  cup  of  coffee  not  so 
strong  as  15  per  cent,  can  do  little  harm  about  9  o'clock, 
and  may  be  necessary  if  work  has  to  be  done  in  the  evening. 

Thus  far,  the  use  of  tea  and  coffee  have  been  chiefly  con- 
sidered :  with  regard  to  that  of  cocoa,  reasons  have  been  given 
for  believing  that  its  action  in  the  stomach  is  not  so  disadvan- 
tageous as  appears  from  these  experiments ;  and  if  this  be  the 
case,  cocoa  comes  to  resemble  coffee  in  its  action,  with  the  added 
advantage  that  it  itself  contains  nutritious  material.  It  must 
not  be  overlooked  that  the  milk  and  sugar  taken  with  the  other 
beverages  convey  a  certain  amount  of  nourishment:  these 
additions  have  also  (as  shown  in  vol.  xviiL  p.  36)  an  action  in 
reducing  the  retarding  action  of  tea  on  digestion.  In  health, 
therefore,  these  beverages  appear  to  be  imnecessary  but  pleasant 
stimulants,  in  some  cases  having  useful  effects  on  digestion,  and 
never  necessarily  harmful  effects,  if  the  time  of  their  use  and 
the  accompanying  foods  be  properly  selected. 

In  illness,  however,  they  may  be  decidedly  harmful :  in 
dyspepsia  from  atrophy  or  atony  of  the  stomach,  with  reduction 
in  pepsin  secretion,  it  is  increasing  the  work  of  an  already  over- 
burdened organ  to  take  tea  along  with  almost  any  meat. 
Coffee,  if  otherwise  suitable,  may  help  the  digestion  of  certain 
meats,  but  cocoa,  when  agreeable  to  the  patient,  is  probably  the 
best  beverage  of  the  three.  In  acid  dyspepsia,  depending  on 
hypersecretion  of  gastric  juice,  or  of  hydrochloric  acid,  it  is 
evident  that  any  infused  beverage  will  be  harmful,  for,  as  has 
been  shown,  they  all  retard  the  consumption  of  acid  in  digestion. 
Coffee  will,  again,  be  the  least  harmful.  In  acid  dyspepsia,  depend- 
ing on  food  fermentations,  any  infused  beverage  will  facilitate 
the  fermentation  if  it  delays  the  digestion  of  the  food. 

Though  Sir  W.  Roberts  appears  to  consider  the  precaution  of 
infusing  tea  for  two  minutes  only  as  useless,  it  has  been  shown 
(Table  M)  that  this  reduces  the  retarding  effect  on  digestion, 
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and  this  and  the  removal  of  the  tannic  acid  by  gelatine  should  be 
borne  in  mind  in  regulating  the  use  of  tea  by  dyspeptic  patients. 
Actions  of  these  beverages  on  the  secretion  and  mobility  of  the 
stomach  are  of  necessity  neglected  in  these  experiments,  but 
must  be  considered  in  giving  advice  about  their  use.  Coffee  is 
said  by  Gerard^  to  increase  the  secretion  of  gastric  juice,  and  by 
Schutz^  to  increase  the  muscular  movements ;  tea,  on  the  other 
hand,  is  said  to  reduce  both.' 

In  flatulent  dyspepsia,  tea  is  again  to  be  avoided,  for  it  was 
shown  (vol.  xviiL  p.  34)  that  it  caused  an  increased  evolution 
of  gas  in  the  digestion  of  beef,  but  coffee  was  without  effect. 

In  Conclusion,  the  deductions  to  be  drawn  from  the  experi- 
ments here  described  may  be  summarised  as  follows  : — 

I.  Infused  beverages,  as  a  rule,  retard  the  peptic  digestion  of 
albuminoid  food  stuffs,^-coffee  the  least,  and  cocoa  the  most. 

II.  The  meats  which  have  been  grouped  together  as  break- 
fast meats  and  the  vegetable  albuminoids  are  the  least  hindered 
in  digestion,  and  some  are  assisted. 

III.  The  active  agent  in  producing  this  retardation  is  chiefly 
the  tannic  acid,  which  acts  by  coagulating  uncooked  albuminoids, 
by  tanning  the  gelatinous  matter  of  the  meat  and  by  precipitating 
the  syntonin  and  peptones  as  formed.  There  is,  further,  its 
action,  chiefly  in  the  case  of  tea,  in  retarding  the  conversion  of 
syntonin  into  peptone.  In  the  case  of  cocoa,  the  clogging  action 
of  the  suspended  solids  largely  contributes  to  the  retarding 
action  of  this  beverage  in  these  experiments. 

IV.  All  the  beverages  retard  the  consumption  of  acid  during 
digestion. 

V.  They  appear  not  to  affect  tryptic  digestion  of  albuminoids 
by  personally  prepared  pancreatic  solutions. 

VI.  The  beverages  also  appear  to  be  without  effect  on  the 
pancreatinic  digestion  of  starch  by  similar  solutions. 

VII.  The  dietetic  application  of  these  facts  points  to  the  use, 
in  health,  of  vegetable  food  and  one  of  the  '  breakfast '  meats 
(eggs  or  salted  meat)  at  meals  at  which  these  beverages  were 
taken. 

^  Archive  de  Phys.,  1889,  No.  8.  •  Lancet,  vol.  i.,  1887,  p.  843. 

'  M'Eechnie,  Laiuiet,  1895,  vol.  ii.  p.  998. 
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YUI.  In  illness,  in  dyspeptic  states  the  use  of  these  beverages 
with  meats,  whose  digestion  they  retard,  is  to  be  avoided, 
whether  the  dyspepsia  arise  from  stomach  atrophy,  hyperacidity, 
or  from  flatulence. 

In  comparing  this  summary  with  that  given  in  vol.  xviiL 
p.  37|  it  is  gratifying  to  note  the  general  agreement  between  the 
two,  showing  that  frequent  repetitions  by  varied  processes  of 
the  digestion  experiments,  and  of  the  methods  of  estimatiag  the 
results,  lead  to  the  same  conclusions,  which  may  therefore  be 
taken  to  express  well-founded  facts. 


TABLES. 


Table  A. — *  Factor '  Experiments  trith  personally  prepared 

Digestive  Fluids. 


Peptic 
Digestion. 

Tiyptic 
Digestion. 

Dialysis. 

Totals. 

1 

Water, 

grms. 
'0006 

grms. 
'0014 

grms. 
'0044 

grms. 
'0063 

xea,  •        •        •        . 

•0010 

'0014 

•0049 

•0073 

Coffee, 

•0009 

•0017 

•0063 

'0079 

Table  B. — *  Factor  '  Fxperiments. 


Peptic 
Digestion. 

Tryptic 
Digestion. 

Dialysis. 

Totals. 

Water, 

X  ea,           a         .         • 

Coffee, 

Cocoa, 

gnns. 
•0003 

'0004 

•0004 

•0004 

grms. 
•0010 

•0016 

•0016 

•0008 

grms. 
•0062 

'0060 

•0050 

•0031 

grms. 
•0066 

•0069 

'0069 

•0043 

• 
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Table  C. — Total  DicdysahU  Nitrogen  0/ 10  cc.  of  the 

Undigested  Beverages. 


Tea,        .        .        .        .        , 

Coffee, 

Oocoa, 

grms. 
•0005 

•0004 

-0005 

Table  D. — *  Factor '  Ha^periments  with  the  less  Important 

Beverages, 


Beverages. 

Peptic 
Digestion. 

Tryptic 
Digestion. 

Dialysis. 

Totals. 

Water, 

Green  Tea, 

Tea  with  Soda, 

Tea,  Compressed, 

Tea,  Cheap  Congon,  . 

Coca, 

Coffee,  15  per  cent.,  . 

Chocolate, 

Khola  Paste,     . 

grms. 
•0004 
•0007 
•0007 
•0006 
•0007 
-0007 
•0005 
-0006 
•0006 

grms. 
•0018 
•0080 
•0028 
-0018 
•0027 
•0026 
•0011 
•0014 
•0018 

grms. 
•0042 
•0078 
•0070 
•0048 
-0068 
-0068 
-0031 
-0044 
-0048 

grms. 
'0064 
•0115 
•0105 
•0072 
•0097 
•0101 
•0047 
•0064 
•0062 

Water,      . 

Mat^, 

Arab  Coffee, 

Coffee  with  Chicory,  . 

Cocoa  Nibs, 

Oocoatina, 

Miserables, 

Gnarana,  . 

•0005 
•0005 
•0005 
•0005 
•0010 
•0005 
•0006 
•0010 

•0022 
•0022 
•0021 
•0018 
•0015 
•0016 
•0018 
•0015 

•0045 
•0049 
-0048 
•0059 
•0048 
•0040 
•0058 
•0085 

•0072 
•0076 
•0074 
•0082 
•0078 
•0061 
•0077 
•0060 

SM 


SB  X 


TimLS  E. — BmmlU  cfDigediom,  ExperimaU  wUkpenanaUy 


A««««^ 

FncmMBB. 

1 

Wliile 
of 

i 

*■                   "P *• 

Bnad. 

PtplicDigt^UmL. 

Wetei,    .        .       , 

Tee, 

CoIBm^ 

gma. 
iW18 
-0017 
-0018 

-0067 
•0053 
iNMS 

gma.   pet  eeat.  per  cent. 
•0009  rioo          100 
-0006  j    94-42       92-98 
-0009      100-00      108-75 

per  ofloto 
100 
66-66 
100-00 

Tr^plie  Difoiwm. 

Water,    . 

Tea, 

Coffee^     •        .        . 

'OOIO 
-0015 
-0019 

•0029 
-0014 
iM)17 

-0006 

•0004 

--0006 

100 
78^ 
100-00 

100 
48-28 
58-68 

100 
66-66 

Dudyti*. 

Water,    . 

xee^        •        •        • 
Coffee,     . 

-0001 
•0088 
-0104 

•0093 

•0220* 

-0043 

-•0002 
-^0022 
-•0017 

100 
96-72 
115-82 

100 

268-56» 
46-24 

•  «  • 

•  •  • 

TotoZf. 

Water,    . 

X  Oft,             •             ■            • 

Coffee, 

•0128 
•0120 
-0141 

•0179 
•0287 
•0122 

•  ■  • 

100 
93-76 
110  15 

100 
160-88 
68-16 

•  •  • 

•  •  ■ 

•  •  • 

Dialyaer  leaked. 
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Table  J. — *  Factor  *  ^a^periments. 


Peptic 
Digestion. 

Tryptic 
Digestion. 

Dialysis. 

Totals. 

Water, 

Tea,  filtered  after  mixing  with  the 

Peptic  Fluid, 
Cocoa,  filtered  befcNre  mixing, 

grms. 
•0004 

•0010 

•0010 

grms. 
•0018 

•0017 

•0020 

grms. 
•0042 

•0051 

•0065 

grms. 
•0064 

•0078 

•0095 

Table  K. — Remits  of  Digestion  of  White  of  Egg. 


Peptic 
Digestion. 

Tryptic 
Digestion. 

Dialysis. 

Totals. 

AetucU  JUsuUs, 

Water, 

Tea,  filtered  after  mixing  with  the 

Peptic  Fluid, 
Cocoa,  filtered  before  mixing, 

grms. 
•0010 

•0011 

•0014 

grms. 
•0011 

•0018 

•0006 

grms. 
•0063 

•0064 

•0068 

grms. 
•0084 

•0078 

•0073 

Percentages, 

Water, 

Tea,  filtered  after  mixing  with  the 

Peptic  Fluid, 
Cocoa,  filtered  before  mixing, 

per  cent. 
100 

104-90 

138-23 

percent. 
100 

111^40 

64  ^38 

per  cent. 
100 

86  •W 

83  •38 

per  cent. 
100 

92^09 

86-08 
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Tablb  L. — Factors. 


Peptic 
Digestion. 

Tryptic 
Digestion. 

Dialysis. 

Totals.     ' 

Water, 

Tea,  two  minutes, 

Tea,  tannin  free,  . 

Tea,  boiled 

grms. 
•0004 

•0008 

•0007 

•0012 

grms. 
•0018 

•0028 

•0028 

•0028 

grms. 
-0042 

•0044 

•0048 

.•0048 

grma. 
•0064 

•0080 

•008S 

•0088 

Table  M. — Bemlts  of  Digestion  of  Boast  Beef 


Peptic 
Digestion. 

Tryptic 
Digestion. 

DialysuB. 

Totols. 

Actual  BesuUs. 

Water, 

Tea,  two  minutes. 

Tea,  tannin  free,   . 

Tea,  boiled,  .... 

grms. 
•0024 

•0038 

•0042 

•0026 

grms. 
•0014 

•0009 

•0036 

•0005 

grms. 
•0098 

•0122 

•0189 

-0069 

grms. 
-0186 

•0164 

•0216 

•0100 

Percemtages, 

Water, 

Tea,  two  minutes. 

Tea,  tannin  free,   . 

Tea,  boiled,  .... 

per  cent. 
100 

136-47 

170-90 

107-84 

per  cent. 
100 

68^12 

252-49 

82-62 

percent. 
100 

124-81 

142-41 

71-00 

percent. 
100 

120-49 

159-00 

78-61 
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Table  N. — Action  of  Beverages,  &c.  on  Dialysis, 


- 

Water. 

Tea. 

Coffee. 

Cocoa. 

Syrup. 

• 

Actual  Sesidts. 

6  hours,      .... 
24  hoars,      •        .        .        « 

gl'UIS. 

•0014 
•0019 

•0019 
•0081 

grms. 
•0022 

•0028 

grms. 
•0014 

•0018 

grms. 
•0005 

•0029 

Percentages, 

6  hours,      .        .        «        . 
24  hours,      .... 

per  cent. 
100 

100 

per  cent. 
185-7 

163-1 

per  cent 
157-1 

147-8 

per  cent. 
100-0 

94-7 

per  cent. 
85-7 

152-6 

Table  O.^Fadors, 


Cocoa, 

Chocolate,     .... 
Khola  Paste, 

grms. 
•047 

•050 

•Oil 

Table  P. — BesuUs  of  Pancreaiinic  Digestion  of  Bread  with 
personally  prepared  Digestive  Fluids. 


Water, 
Tea,  . 
Coffee, 


Actual  Besults. 


Bread. 


gnns. 
•088 

•038 

•037 


Percentages. 


Bread. 


per  cent 
100 

100-0 

97-8 
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Table  Q. — RewUs  of  PatureaJtinic  Digestion  of  Bread 

and  Potato. 


Water, 
Tea, 
Coffee, 
Cocoa, 


Actual  Besults. 

Percentages. 

Bread. 

Potato. 

Bread. 

Potato. 

grms. 
•044 

grma. 
•067 

percent. 
100 

percent. 
100 

•034 

•114 

77-18 

169-60 

•041 

•085 

98^12 

126^70 

•089 

-•004 

88^11 

•  •  • 

Table  S. — BewUs  of  Digedion  of  Bread. 


Actual  Besnlts. 

Percentages. 

Water, 

Tea,  two  minates,         .... 

Tea,  tannin  free, 

Tea,  boiled, 

grms. 
-076 

•042 

•087 

•066 

percent. 
100 

66-8 

60-0 

76-0 

ON  THE  EXISTENCE  OF  A  STEENO  -  CORACOIDAL 
ABTICXJLATION  IN  A  F(ETAL  MARSUPIAL  By 
R  Bboom,  M.D.,  B.Sc. 

Among  the  characteristics  of  the  Monotremes,  which  point  to 
their  Septilian  affinity,  none  is  more  marked  than  the  structure 
of  the  shoulder-girdle.  While  in  the  Eutheria  and  in  Marsupials 
we  have  the  scapula  either  looselj  connected  with  the  sternum 
by  means  of  the  clavicle,  or  more  rarely  supported  here  by 
muscles  and  ligaments,  in  the  Monotremes  the  condition  agrees 
very  closely  with  that  found  in  lizards  and  other  reptiles.  The 
scapula,  instead  of  being  freely  movable  as  in  Marsupials,  is 
imited  to  a  well-developed  coracoid,  which  articulates  with  the 
sternum  just  in  front  of  the  first  costal  cartilage.  In  front  of 
the  coracoid  there  is  an  additional  paired  element,  usually  referred 
to  as  the  epicoracoid,  but  concerning  the  homology  of  which 
there  is  still  some  doubt.  Another  reptilian  feature  is  found  in 
the  presence  of  a  large  median  inter-clavicle.  With  this  remark- 
able development  of  the  pectoral  arch  the  Monotremes  seemed 
very  distinctly  separated  from  the  higher  mammala 

On  looking  over  a  series  of  sections  of  a  very  early  mammary 
foetal  Fhalanger  (probably  just  born,  and  measuring  14  mm.),  I 
recently  discovered  that  not  only  is  there  a  well-developed  cora- 
coid, but  that  the  coracoid  articulates  with  the  sternum  almost 
exactly  as  in  the  Monotremea  The  figure  on  the  next  page 
represents  the  shoulder-girdle  and  sternum  as  seen  from  the 
outer  and  under  side,  reconstructed  from  a  series  of  sections. 

The  scapula  bears  considerable  resemblance  to  that  of  the 
adult,  the  chief  difference  being  that  the  spine  is  only  rudimentary 
at  its  upper  part.  The  acromion  process,  which  is  well  developed, 
arises  practically  from  the  anterior  concave  border  of  the  scapula, 
a  little  above  the  glenoid  cavity,  by  a  somewhat  slender  process, 
which  passes  outwards  and  slightly  downwards,  then  suddenly 
turning  downwards  and  slightly  inwards,  broadens  out  into  a 
moderately  thick  plate,  which  at  its  lower  and  anterior  edge 
gives  attachment  to  the  outer  end  of  the  clavicle.  The  neck  of 
the  scapula  is  distinctly  marked. 


514  DS  B.   BBOOH. 

Below  the  neck  is  situated  the  glenoid  cavity,  which  is  very- 
much  larger  proportionally  than  in  the  adult,  and  can  be  divided 
into  two  parts.  The  upper  part  looks  almost  directly  down- 
wards, and  practically  corresponds  to  the  adult  glenoid  cavity, 
and  even  in  the  early  fcetns  it  is  only  this  upper  portion  which 
has  an  articular  surface  for  the  head  of  the  humerus.  The  lower 
part  looks  practically  outwards;  and  though  presenting  a  con- 
cavity continuous  with  the  upper  part,  or  glenoid  cavity  proper, 
has  not  such  a  r^ular,  smooth  surface.  While  the  upper  part 
of  the  lai^  concavity  unquestionably  beloi^  to  the  scapula,  it 


is  probable  that  the  whole  of  the  lower  part  belongs  to  the 
coracoid  element. 

In  front  of  the  supposed  coracoidal  portion  of  the  glenoid 
cavity  is  a  email  cartilaginous  knob,  which  represents  the  portion 
of  the  coracoid  usually  remaining  in  the  adult  as  the  '  coracoid 
process.'  Posteriorly,  the  coracoid  cartil^  is  continued  by  a 
rather  narrow  neck  into  a  somewhat  large,  thick,  pear-shaped 
portion,  which  articulates  at  its  lower  end  with  the  sternum  and 
with  the  let  rib.  For  the  most  part  it  is  situated  a  little  in 
front  of  the  plane  of  the  Ist  rib,  so  that  tiie  rib  almost  appears 
to  curve  behind  the  posterior  part    At  the  posterior  and  inner 
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corner  of  the  club-shaped  portion  of  the  coracoid,  where  it  articu- 
lates with  the  outer  part  of  the  presternum,  the  cartilages  of  the 
two  elements  become  completely  blended ;  and  about  almost  the 
same  place  the  1st  rib  ends,  thus  articulated  with  both  the 
coracoid  and  the  sternum. 

The  clavicle,  which  even  in  an  intra-uterine  foetus  of  11  mm. 
is  already  ossified,  is  here  well  developed.     The  inner  half  is 
considerably  stouter  than  the  outer.    At  its  inner  end  it  is 
pointed,  and  passes  backwards  into  the  narrow  space  between  the 
coracoid  and  the  sternum.     On  the  inner  and  anterior  side  of 
the  claviele,  and  between  it  and  the  front  part  of  the  presternum, 
is  a  moderate-sized  cartilaginous  element,  which  in  later  develop- 
ment becomes  the  inter-articular  cartilage.     At  this  stage,  how- 
ever, it  might  almost  be  looked  upon  as  a  cartilaginous  part  of 
the  clavicle,  being  clasped  on  its  posterior  and  inferior  sides  by 
the  ossifying  bone ;   but  though  thus  intimately  related  to  the 
clavicle,  it  is  distinct  from  that  bone,  which  has  apparently  no 
cartilaginous  basia 

In  a  mammary  foetus  of  Trichosurus,  37  mm.  in  length,  I 
find  the  condition  essentially  similar  to  that  of  the  adult,  the 
coracoid  being  represented  only  by  the  coracoid  process,  and 
widely  removed  from  the  sternum.  I  have  not  as  yet  had  an 
opportunity  of  completely  tracing  the  changes  brought  about  in 
the  course  of  development,  but  in  a  mammary  foetus  23  mm.  in 
length,  which  I  have  examined,  an  intermediate  condition  is 
found.  The  corticoid  process  is  similar  to  that  in  the  larger 
foetus,  but  from  it  there  is  produced  backwards  and  inwards  a 
small  cartilaginous  process,  which  nearly  meets  the  outer  process 
of  the  presternum. 

It  may  thus  be  concluded  that  during  the  later  intra-uterine 
development  of  Trichosurus,  and  probably  of  other  Marsupials, 
and  for  a  short  time  after  birth,  there  is  a  well  developed  coracoid, 
which,  as  in  the  Monotremes,  most  Eeptiles,  Birds  and  Aii^)hi- 
bians,  articulates  with  the  sternum ;  and  that,  shortly  after  birth, 
the  coracoid  loses  its  attachment  with  the  sternum,  and  becomes 
rapidly  absorbed,  only  the  anterior  part  remaining  as  the  cora- 
coid process. 

I  must  express  my  indebtedness  to  Dr  J.  Beard  for  his  kind- 
ness in  sectioning  the  foetus  for  ma 


NOTES  ON  THE  DUODENUM  AND  THE  PYLOBUS.  By 
Thomas  Dwight,  M.D.,  LLD.,  Parkman  Professor  of 
AiuxUmy  at  Harvard  Uninersiiy, 

SiVKRAL  years  ago  I  made  a  consideTable  series  of  plasty 
of  the  duodenum,  among  which  I  found  specimens  of  the  p. 
shapes  and  of  some  very  peculiar  forma    Since  then,  n 
taking  notes,  I  have  given  rather  special  attention  to  this 
As  a  result  of  this,  I  came  to  suspect  that  the  general  at 
were  in  some  points  incorrect.    During  the  past  winter 
made  a  more  systematic  study  of  the  points  at  issue  on  i 
number  of  bodies,  and  have  tabulated  the  results  of  obeer^ 
on  54  adults.    Of  these,  38  were  male  and  16  female.    . 
them  were  6  n^oes  or  mulattoes  and  2  Indians,  whom 
not  seem  necessary  to  exclude,  though  they  showed  several 
peculiar  forms.    The  method  was  to  inflate  tiie  duodenum 
the  intestines  had  been  disturbed,  to  take  notes  of  its  shaj 
position,  then  to  take  a  cast  in  mineral  wax  and  to  rene 
notea    Unfortunately,  the  need  of  a  double  set  of  notes  w 
recognised  till  nearly  twenty  observations  had  been  ma 
subsequently  determined  the  position  from  the  observatioi 
ceding  injection,  and  the  shape  from  those  after  it 

The  correct  conception  of  the  shape  of  the  duodenum 
given  by  Braune,  as  a  ring  not  quite  complete.    This 
primitive  form  from  which  all  others  arise.    When  the  in 
is  flaccid  it  is  maintained  in  a  large  proportion  of  adult  di. 
which  when  diatended  present  two  or  three  sharp  angles 
difficulty  of  determining  accurately  the  shape  of  an  uni:        oi^ 
duodenum  is  very  great ;  in  many  injected  ones  I  have  I      i  in 
doubt  whether  it  was  more  like  a  bad  U  or  a  bad  V.    Cas     vary 
greatly  in  size :  one  is  inclined  to  consider  very  large  onco  over- 
distended,  but  this  was  not  the  case  with  some  of  the  largest, 
and  several  of  the  casts  are  strikingly  small    As  the  pylorus 
and  the  first  part  of  the  duodenum  are  movable,  the  direction 
of  the  first  part,  as  shown  by  the  casts,  is  of  little  value.    The 


NOTES  ON  THK  DUODENUM  AND  THE  PYLORUS.  517 

remainder  is  so  fixed  that  a  cast  shows  its  shape  on  the  whole 
truly.  The  question  of  the  displacement  of  the  duodenum  '  en 
masse'  by  the  cast  is  a  more  serious  one.  Sometimes,  un- 
doubtedly, the  whole  organ  descends  the  whole  height  of  a 
vertebral  body,  more  often  haU  the  distance,  and  sometimes  not 
at  alL  Usually  the  descent  varies  from  1  to  3  cm.  The  eflfect 
of  distention  by  wax  on  the  relations  of  the  fourth  part  is  dis- 

account  of  the  direction  and  relations  of  the  duo- 
rtebrsB  and  the  aorta  is  about  as  follows : — ^The  first 
watd,  backward,  and  to  the  right,  to  the  side  of  the 
vertebra.  It  then  turns  sharply,  and  descends  to  the 
th.  It  then  again  bends  sharply,  forming  the  third 
)roperly  called  prse-aortic,  which,  usually  rising 
^aid  to  cross  the  aorta,  and,  bending  once  more, 
fourth,  which  is  said  to  ascend  on  the  left  of  the 
n  it  and  the  left  kidney,  more  or  less  overlapping 

In  the  V-shape,  it  crosses  the  aorta  obliquely- 
the  author  who  makes  it  descend  lowest.  He  says 
I  variable  one,  and  names  the  fourth  lumbar  for  the 
the  fifth  for  the  V-shape. 

-s  were  especially  considered  in  this  investigation: 
)int  to  which  the  duodenum  descends,  and  the  rela- 
5cending  portion,  the  fourth  (or  in  the  V-shape  the 

aorta.  Incidentally,  several  others  presented  them- 
shall  consider  the  shape,  the  largest  part,  the  lowest 
lation  to  the  terminal  part  to  the  aorta  and  to  the 

?. — This   is  determined    from  70  observations  of 
iy  by  means  of  casta     One  was  of  only  14  years. 
8  were  male,  17  female,  and  15  were  old  casts,  of 
wmon  X  had  not  been  noted. 

As  to  classification  of  shapes :  the  U-  and  the  V-shapes  are 
clear ;  th  Lng-shape  is  used  in  Braune's  sense,  implying  that  it 
is  imperfecL ;  those  called  '  indeterminate '  are  mixtures  of  U,  C, 
and  ring,  that  could  be  put  with  either  of  the  three,  according  to 
the  taste  of  the  classifier.  Those  not  to  be  classified  are  abso- 
lutely irregular.    By  *C-shape'  is  meant  a  rather  rare  form, 

1  Progr^  nUdiccd,  1889. 
VOL.  XXXL  (N.S.  vol.  XI.)  2  L 
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in  which  the  first  and  third  parts  are  very  long,  the  second 
short,  and  the  fourth  wanting  or  rudimentary.  The  first  and 
third  parts  may  be  ahnost  in  contact.  The  striking  feature  of 
the  table  are  the  relative  frequency  of  the  V-flhape  in  women 
and  the  preponderance  of  the  irregular  forms  in  men.  All  the 
C-shaped  specimens  were  from  men. 


Male. 


U-shaped,  . 
V-shaped,  . 
Ring-shaped, 
Indeterminate,  . 
C-shaped,  . 
Not  to  be  classified, 


10 
9 
2 
7 
5 
5 


38 


Female. 


3 

9 
2 
3 


17 


Sex  un- 
known. 


9 
3 

1 

•  • 

2 


15 


A  peculiar  variation  of  the  V  was  seen  once  or  twice.  Usually 
the  second  part  descends  vertically,  but  in  these  cases  it  runs 
forward  so  as  to  make  the  Y  more  symmetrical  Another 
peculiar  shape  is  triangular,  in  which  the  first  part  runs  con- 
siderably upwards,  and  the  second  part  is  rather  long,  with  about 
equal  angles  between  it  and  the  first  and  third  parts,  which 
almost  meet.  As  the  direction  of  the  first  part  is  largely  acci- 
dental in  a  cast,  this  form  has  a  doubtful  claim  to  recognition. 
The  first  flexure  is,  however,  often  sharp  and  dependent  on  the 
adherence  of  the  walls  of  the  first  and  second  parts.  The  same 
may  be  said  in  many  cases  of  the  bend  below  the  latter.  The 
length  of  the  various  sides  varies  so  much  that  it  is  not  worth 
while  to  give  average  dimension&  The  converse  of  the  C-shape 
described  above  is  found  with  a  very  long  second  part  I  have 
seen  no  such  extraordinary  coils  as  in  the  case  described  by 
Schieferdecker,*  but  several  very  curious  onea  Some  of  them 
might  be  compared  to  an  S  placed  on  its  side,  with  an  additional 
coil  at  its  termination  over  the  left  kidney,  from  which  it  returns, 

*  Arch,  filr  AnaL  und  Envdck.,  1887. 
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behind  the  peritoneum,  to  near  the  proper  place  for  the  duodeno- 
jejunal flexura 

iSue.—- This  varies  much.  In  all  casts  the  first  part  is  strik- 
ingly different  from  the  others,  bdng  rather  eggnshaped  and 
smooth,  presenting  neither  the  valves  which  f^pear  in  the  second, 
nor  the  numerous  small  irr^ular  folds  which  are  often  seen, 
particularly  on  the  posterior  aspect  of  a  good  cast,  in  the  second 
and  third  parts.  The  largest  circumference  is  usually  at  the 
second  or  third  part.  The  two  largest,  18  and  19  cm.,  are  at  the 
second.  In  at  least  one  case  of  an  immense  second  part,  it  was 
evident  from  the  condition  before  the  injection  that  the  size  in 
no  way  depended  on  over-distentioiL 

The  lowed  point  is  decidedly  lower  than  is  usually  stated  in 
Knglish  worlffl.  Jonnesco's  statement  is  the  most  correct,  though 
I  di£fer  from  him  with  r^ard  to  the  V-shaped,  which  he  says 
descends  to  the  fifth  lumbar.  My  statistics  are  based  on  54 
adult  duodena,  <A  which  38  were  male  and  16  female.  I  do  not 
give  accurate  statistics,  because  I  distrust  the  method  used  in 
some  of  the  observations,  but  I  know  that  my  results  justify 
fully  the  rather  genial  conclusions  that  follow.  The  great 
majority  of  duodena  in  both  sexes  have  the  lowest  point  opposite 
the  fourth  limibar,  or  the  discs  above  and  below  it ;  about  one- 
quarter  opposite  the  third ;  and  only  some  half-dozen  of  the  54 
opposite  the  fifth.  One  of  the  latter  that  descended  too  near 
the  promontoiy  had  a  great  scrotal  hernia,  and  was  therefore 
pathological  The  mean  female  duodena,  in  which  the  V-shape 
preponderates,  is  rather  lower  than  in  the  male,  but  not  strik- 
ingly 

The  BeUUion  of  the  Termirud  Part  to  the  Aorta  and  Peritoneum, 

The  usual  statement  that  the  third  part  crosses  the  aorta, 
presumably  with  no  peritoneum  intervening,  and  that  the  fourth 
ascends  on  its  left,  is  incorrect  Jonnesco  admits  that  this  last 
part  is  much  less  firmly  attached  than  the  second  and  third,  so 
that  it  slides  easily.  He  states  that  when  the  fourth  part  ascends 
vertically  it  lies  on  the  lower  third  or  quarter  of  the  left  kidney, 
and  that  in  the  V-shape  only  a  little  touches  the  kidney.  He 
says  that  the  second  part  is  prsB-renal,  and  the  fourth  also; 
but  if  the  expression  may  be  excused,  it  is  less  prae-renaL    In 
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point  of  fact,  it  is  only  exceptionally  that  the  fourth  part  is  prse- 
renal  at  all.  In  the  54  cases  already  mentioned,  the  duodenum 
was  on  the  right  of  the  aorta  till  just  before  the  terminal  flexure 
26  times.  It  was  wholly  on  the  right  6  timea  The  fourth  part 
lay  in  front  of  the  aorta  11  times,  and  the  third  part  actually 
crossed  the  aorta  11  time&  In  many  of  the  cases  in  which  the 
gut  lay  on  the  front  of  the  aorta  as  it  ascended,  or  just  before  the 
final  flexure,  and  in  some  of  those  in  which  the  third  part  crossed 
the  aorta,  a  fold  of  peritoneum  lay  between  the  two.  It  is  im- 
possible to  give  definite  statistics  on  this  point,  for  the  attach- 
ment of  the  peritoneum  is  so  lax  that  it  is  very  easily  displaced. 
I  have  on  several  occasions  seen  a  duodenum  empty,  or  moder- 
ately inflated,  lying  on  the  right  of  the  aorta,  and  partly  over- 
lapping it,  with  a  fold  of  peritoneum  between,  which  was 
con^letely  displaced  to  the  left  when  the  gut  was  strongly 
distended.  In  other  words,  the  left  fold  of  the  mesentery  seemed 
to  anse  from  the  right  of  the  aorta  in  the  normal  condition, 
but  to  be  pushed  to  the  left  of  it  with  distention  of  the  duo- 
denum. 

In  the  infant,  the  attachment  is  so  lax  that  it  is  very  hard  to 
determine  whether  it  is  really  on  the  left,  the  front,  or  the  right. 
I  incline  to  the  opinion  that  it  is  along  the  right  of  the  aorta, 
and  have  in  several  adults  found  what  seemed  to  be  a  persistence 
of  that  condition.  In  cases  of  V-shaped  duodena,  it  is  not  un- 
common to  find  the  last  part  ascending  along  the  right  side  of 
the  right  iliac  and  then  of  the  aorta,  with  only  the  very  end  in 
front  of  the  latter,  and  a  fold  of  peritoneum  between.  Let  such 
a  gut  be  distended,  and  the  peritoneal  fold  is,  as  a  rule,  forced 
out  of  the  furrow  between  it  and  the  aorta,  but  not  always. 
Sometimes,  indeed,  in  spite  of  any  amount  of  distention,  the 
peritoneum  always  passes  in  front  of  the  aorta  to  the  right. 
Hartmann  ^  has  the  most  correct  idea  of  the  fourth  portion,  but 
apparently  does  not  sufficiently  recognise  the  frequency  of  what 
he  considers  an  occasional  arrangement.  "  La  situation  de  oette 
4ma  portion  n'est  pas  absolument  fixe;  ordinairement  pre- 
vertebrale,  elle  se  termine  k  gauche  de  la  colonne  lombaire ; 
nous  Tavons  vue  entierement  k  droite  de  la  ligne  m^diane, 
remontant  obliquement  en  haut  et  a  gauche,  atteignant  au  niveau 

^  Bull.  Soc  Anat.,  Paris,  1889. 
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de  sa  termmaison,  le  partie  antero-laterale  droite  de  Taort 
abdominale."    The  third  part  cannot  be  called  prse-ctortic. 

The  Pylobus. 

Though  it  is  understood  that  the  opening  may  be  oval,  it  is 
generally  described  as  circular.  It  is  only  on  hardened  q)ecimens 
or  casts  that  this  can  be  determined.  The  following  table  of  30 
observations  on  casts  shovrs  that  it  is  practically  always  ovaL  I 
have  not  been  able  to  ascertain  that  the  long  axis  of  the  oval  has 
any  definite  direction.  If  the  method  of  casts  is  liable  to  any 
error  in  recording  the  size,  it  is  evidently  on  the  side  of  excesa 
These  measurements  in  millimetres  show  a  considerable  range  of 
variatioa    The  average  size,  omitting  fractions,  is  14  x  11  mm. 

Diameters  of  the  Pylorus. 


7x  4 

15x10 

8x  8 

15x11 

9x  8 

15x12 

lOx  7 

15x12 

lOx  8 

15x13 

10x10 

15x14 

llx  8 

16x12 

11 X  9 

16x13 

12  X  7 

16x14 

12x10 

16x15 

12x11 

17x15 

18x10 

18  X 15 

13x10 

18x17 

13x11 

20x16 

14x  9^ 

20x18 

ON  SOME  POINTS  IN  COMPARATIVE  MYOLOGICAL 
NOMENCLATUER  By  Bebtkam  C.  A.  Windlk,  D.Sc., 
M.D.,  M.A.,  Professor  of  Anaiomy  in  Mason  CoUege^  Sir- 
mingham,  and  F.  G.  Pajrsons,  F.RC.S.,  F.LS.,  F.Z.S., 
Lecturer  on  Comparative  Anatomy  at  St  Thomas's  Hospital. 

The  unsatisfactory  condition  of  comparative  myological  nomen- 
clature can  scarcely  have  failed  to  attract  the  attention  of  any 
person  working  at  that  branch  of  science ;  indeed,  the  efforts  of 
Humphry,  Gadow,  HofSnann,  Furbringer,  Strauss-Durckheim, 
and  others  to  introduce  a  more  accurate  series  of  names  show 
the  necessity  which  exists,  and,  it  may  be  added,  demonstrate 
the  difficulties  which  attend  the  realisation  of  such  a  project 
Founded,  as  it  is,  upon  the  nomenclature  of  human  anatomy, 
that  of  comparative  myology  is  full  of  terms  either  wholly  or 
largely  inapplicable  to  the  lower  mammals — ^terms  which  relate 
to  the  position  of  a  muscle  in  its  relation  to  the  erect  posture 
of  man,  to  its  peculiar  attachments  in  him,  to  its  shape  or  to  its 
action. 

And  with  regard  to  the  extra  muscles,  if  one  may  so  call  them, 
which  exist  widely  amongst  the  lower  mammals,  but  not  at  all  or 
only  rarely  in  man,  these  possess  a  wealth  of  8fynonyms  which 
often  renders  the  task  of  ascertaining  precisely  what  muscle  a 
writer  is  dealing  with  one  of  no  small  difficulty.  The  rock  upon 
which  most  schemes  of  nomenclature  have  foundered  has  been  a 
too  slavish  adherence  to  a  single  system.  Thus  have  been  evolved 
terms  such  as  M.  epicondylo-fibulo-tibio-digitalis  profundus,  for 
which  existence  is  far  from  being  sufficiently  protracted.  In 
dealing  with  this  subject,  it  must  be  remembered  that,  as  in  most 
cases  where  vested  interests  are  at  stake,  success  is  only  possible 
as  the  result  of  a  compromise.  There  are  some  terms  which  are 
so  consecrated  by  usage  as  to  offer  an  all  too  stubborn  resistance 
to  the  efforts  whether  of  individuals  or  of  conunittees. 

In  offering  the  few  suggestions  which  this  paper  contains,  we 
allude  almost  exclusively  to  those  muscles  whose  nomenclature 
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seems  to  us  most  urgently  in  need  of  either  revision  or  decision ; 
that  is  to  say,  either  of  a  complete  alteration  of  name,  or  of  a 
selection  of  one  from  amongst  the  numerous  titles  with  which 
successive  godfathers  have  endowed  some  unofifending  muscle. 
We  have  not  attempted  to  proceed  upon  any  rigid  system,  our 
main  desires  having  been  to  avoid  the  use  of  terms  depending 
upon  posture,  using  instead  those  which  bear  relation  to  the  axis 
of  the  body,  and,  where  possible,  to  employ  names  which  indicate 
the  position  and  connections  of  the  muscle,  as  suggested  by  Gadow. 
With  these  few  remarks  as  preface,  we  proceed  to  the  considera- 
tion of  the  muscles  seriatim. 

Bectua  capitis  anticus  ma.  et  mi.  {Lmgus  capitis  and  Rectus 
capitis  anticm  of  the  German  Committee).  Here  the  word 
veniralis  should  be  substituted  for  aniicibs  in  either  case. 

Rectus  capitis  posticus  vna,  et  mi.  It  is  not  possible  to  use  an 
exactly  parallel  nomenclature  for  these  muscles,  since  the  former 
is  so  very  frequently  bilaminar.  This  being  the  case,  we  suggest 
the  use  of  the  terms  Rectus  capitis  dorsalis  suj)erficialis,  medius  et 
profundus^  the  first  two  constituting  the  major  of  human  anatomy, 
if  indeed  this  is  the  correct  morphology,  and  the  last  the  minor. 

OMiqwus  capitis  superior  et  inferior  would  be  much  better 
described  as  oUiguus  capitis  and  oUiqwas  colli. 

Digastric:  this  muscle  is  so  frequently  destitute  of  a  central 
tendon  that  the  name  derived  from  its  appearance  in  the  himian 
subject  is  clearly  a  misnomer  when  used  universally.  This  muscle 
has  also  been  called  BiverUer,  M.  occipitalis  mandHndce  inferioris, 
M.  mandHfulce  (Krause),  Depressor  maxiUce  inferioris  (Bronn). 
We  think  that  a  name  differing  but  slightly  from  the  last  named, 
viz.,  Depressor  mandiinUcCy  describes  this  muscle  most  simply  and 
correctly. 

Stemo-hyoU :  this  muscle,  which  has  alBO  been  called  stenuh 
glossus  and  stemo^maxiUaris,  is  not  always  correctly  described 
when  called  by  the  name  which  it  bears  in  human  anatomy, 
since  it  is  attached  to  the  lower  jaw  in  Bathyergus,  to  the  median 
raph^  of  the  mylo-hyoid  in  Myopotamus  and  Hydromys,  and  is  a 
stemo-mandibular  muscle  in  Myrmecophaga,  Gholoepus,  and  other 
edentates.  This  is,  however,  one  of  the  instances  in  which  we  do 
not  think  that  any  change  is  advisable.  Perfection  is  not  to  be 
looked  for  in  all  cases,  and  it  is  distinctly  inadvisable  to  make 
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any  alteration  unless  it  promises  a  very  substantial  improve- 
ment in  accuracy  upon  that  which  has  been  consecrated  by  years 
of  employment 

Scaleni:  the  names  of  these  muscles  certainly  require  reviedon. 
The  muscle  known  in  human  anatomy  as  anticus, — that  is  to  say, 
that  portion  of  the  mass  which  lies  in  a  ventral  position  to  the 
subclavian  artery  and  the  brachial  plexus, — is  practically  non- 
existent amongst,  for  example,  the  Camivora,  where  the  whole 
scalene  mass  lies  dorsal  to  the  artery  and  plexus.  We  prefer  to 
call  that  portion  of  the  mass  which  lies  ventral  to  the  above- 
named  structures,  when  it  exists,  scalenus  ventralis.  The  remain- 
ing parts,  which  are  dorsal  to  the  artery  and  nerves,  we  describe 
as  longns  and  brevis,  as  we  believe  that  those  terms  convey  a 
more  accurate  impression  of  the  real  relations  of  the  dififerent 
factor& 

Trapezim :  it  is  perhaps  over-bold  to  suggest  any  alteration  in 
the  name  of  this  muscle.  It  has  been  called  triangiUaris  scapulcRj 
and  by  Strauss-Durckheim  CucuUaris.  He  subdivides  it  into 
davo-y  acromio-f  and  spiruhciunUlaris,  and  this  terminology  we 
ourselves  agree  with,  merely  suggesting  the  substitution  of  darso- 
cucvllaris  for  the  last  of  the  three  terms. 

Cephcdo-humercU :  this  term  has  been  applied  to  a  composite 
muscle  met  with  in  the  non-claviculate  or  parvi-claviculate 
mammals,  which  is  made  up  of  the  clavo-cucullaris,  the  clavicular 
part  of  the  deltoid  and  the  cleido-mastoid.  We  prefer  the  term 
which  has  just  been  used  to  that  of  levator  hvmeriy  which  has  also 
been  applied  to  this  combination  of  musclea 

Levator  clavicvlm  (Wood):  this  muscle  is  even  more  richly 
endowed  with  names  than  a  royal  prince,  as  it  has  been  called 
cleido'Omo-transversaire  (Testut),  Levator  scapuke  major ,  ant. 
(Douglas  and  Burmeister),  0rrvo4rachelian  and  Acromio4rachelian 
(Cuvier  and  Meckel),  Clavo4rachelian  (Church  and  Duvemoy), 
Basuhhumeralis  (Krause),  Kopf-arm-mttskel  (Peyer),  Transverso- 
scapyiaire  (Strauss-Durckheim),  OrruHxtlanticm  (Haughton),  Or- 
vico-humeral  (Humphry),  OrruhcervicaL  (Bischoflf),  CUidoHjUlawticus 
and  Cleido '  qnstrophious  (Gruber),  AtlarUo-acrorrUal  (Coues), 
Levator  scapidoe  (Sidebotham),  Trachelo-clavicularis  (Naumann), 
Omo^leido^ransversariiLs  (Bronn).  We  prefer  ourselves  the  term 
onuhtrachelian  as  indicating  with  the  greatest  accuracy  the  attach- 
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ments  of  the  muscle,  since  its  origin  may  be  from  almost  any  of 
the  cervical  transverse  processes,  or  even  from  the  basi-occipital, 
while  its  insertion  is  generally  into  the  acromion  process,  but  in 
some  cases,  6.^.,  primates,  when  it  is  present,  cheiroptera,  etc.,  into 
the  outer  third  of  the  clavicla 

JRhomioidei :  the  names  of  these  muscles  clearly  require  re- 
vision, and  we  prefer  to  call  the  more  cephalic  portion,  which 
may  or  may  not  reach  the  occiput,  rhomboideios  capitis  et  colli,  and 
the  more  caudal  part,  rhomiboideus  thoracis.  To  these  two  parts 
we  would  add  a  third,  by  the  name  of  rhomiwidms  profundvs. 
We  apply  this  name  to  a  muscle  which  has  also  been  called 
Tra^JidO'Scapular  and  Levator  scwpulm  rrmwr)  it  is  a  highly 
characteristic  muscle  amongst  the  mustelidse,  and  passes  from  the 
transverse  process  of  the  atlas  to  the  root  of  the  scapular  spine. 
We  r^rd  it  as  a  displaced  fragment  of  the  rhomboid  mass,  and 
hence  suggest  the  above-mentioned  name. 

SerrattLs  postvyus :  we  prefer  to  call  this  muscle  serratus  dor- 
saiis ;  and  when  it  consists  of  two  parts,  to  name  them  thoracis 
and  luTobalis  respectively. 

Levator  anguli  scapulae :  this  muscle  draws  forward  the  scapula 
in  most  animals,  and  a  name  is  distinctly  required  for  it  which, 
whilst  non-committal  as  regards  its  action,  will  indicate  its  very 
common  fusion  with  serratus  magnus.  Perhaps  the  term  serrattcs 
colli  might  be  applied  to  it,  when  it  would  be  possible  to  speak  of 
the  above-mentioned  condition  as  one  in  which  serratus  magnus 
and  serratus  colli  form  a  continuous  sheet 

Stemoscapidaris,  also  called  pectoralis  longus  by  Bendz.  We 
prefer  the  former  term,  with  its  subdivisions  of  sterruhdavictUaris 
or  siibdavius  and  daviculo-scapularis. 

Bectus  abdominis :  a  better  name  for  a  muscle  which  often 
extends  as  far  forwards  as  the  first  rib  would  be  rectus  ventralis, 

Feetoraies:  we  hesitate  to  attempt  to  name  this  most  com- 
plicated group  of  muscles.  One  of  us  has  indeed  attempted  to  do 
so,  and  has  used  the  terms  superficial  and  deep  manubrials, 
gladiolar,  costal,  abdomino-humeral,  and  pectoralis  quartus  for  the 
different  factors  of  the  mas&  The  abdonvmo-pectoral  has  also 
been  called  costo^umeral  (Huxley),  Brachio-aMominal  (2!enker), 
Portion  ventrale  (Cuvier  and  Launllard),  and  Pectoralis  guartus 
(Macalister).    We  prefer  the  term  oMomino-pedoral.    The  deep 
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manubrial  part  is  also  known  as  pedoralis  minimtiSy  and  this 
perhaps  is  as  good  a  name  for  it  as  any  other. 

Biceps  ciMH :  this  is  a  misleading  term,  as  the  muscle  so  often 
possesses  only  one  head.  It  has  been  called  ,/Zea9t>r  anttbradUi  by 
Bronn,  but  we  prefer  the  name  of  JUxor  Umgus  cubiti,  and  would 
apply  that  of  Jlexor  hrevis  cuhiii  to  the  h'cuikudiB  arUieuSy  and 
mnscle  which  has  also  been  called  Brachiaeus  (Macalister),  and 
Bracialis  irUemus  (Bronn  and  the  German  Committee). 

Coraeo-brachialis :  the  terminology  suggested  by  Wood  of 
brevis,  medius,  and  longus  is  well  understood,  and  sufficiently 
describes  the  different  factors  of  this  muscle.  We  think  that 
the  term  rotator  humeri  sometimes  applied  to  the  first-named 
part  of  this  muscle  should  be  discarded. 

Triceps :  this  is  a  misleading  term,  since  the  muscle  often  has 
four  or  even  more  heads,  and  that  of  extensor  eubUi  would  seem 
to  be  more  suitable 

Zatissmo-olecra/nalis :  a  muscle  with  many  synonyms,  since  it 
has  been  called  BarsirqyUrochlearis  (Wood,  Duvernoy,  Mivartand 
Murie),  Accessoire  du  grand  dorsal  (Broca),  Qtu^riSme  eatemetir 
de  Vavant-iras  (Cuvier  and  Laurillard),  CTief  posterieur  du  triceps 
(Milne-Edwards),  OmxHmooneus  (Devis),  Latissimo-condfloideus 
(Bischoff),  Extensor  cubUi  (Naumann),  Anooneus  gracilis  (Bendz), 
Anconeus  qwiwtus  (Gruber),  and  Dorso^rdibrachialis  (Westling). 
For  this  well-known  slip,  which -comes  almost  invariably  from  the 
tendon  of  the  latissimus  dorsi,  though  it  may  originate  from  the 
teres  major,  we  prefer  the  term  of  Latissifno^lecranalis.  We 
believe  that  it  belongs  to  the  extensor  cubiti  or  triceps,  and  that 
its  proper  insertion  is  with  that  muscle  into  the  olecranon,  though 
it  may  fail  to  reach  that  bone,  and  end  on  the  extensor  in  tiie 
arm. 

BpUrochleo-aaiconevs  (Gruber) :  this  very  d^nite  little  muscle 
has  been  called  also  Anconeiis  parvw  (Bupp),  A.  mimmus 
(Burmeister),  A.  iaUemus  (Cuvier  and  Humphry),  A.  sextus  (Gal- 
ton),  and  EpitrocldeO'Cubitdlis  (Testut).  We  prefer  the  name 
epitrochleo-olecranalis. 

Glutei :  five  of  these  muscles  have  to  be  taken  into  account ; 
and,  in  spite  of  the  ridicule  thrown  upon  that  name  by  Gradow, 
we  do  not  think  that  it  is  likely  to  be  discarded.  The  names, 
however,  applied  to  the  three  parts  in  human  anatomy  are 
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inapplicable  in  comparative,  and  the  tenns  edo-,  meso-,  and 
enUhglutei  should  be  sabetitated.  For  gluteus  guartus  (Haughton), 
also  called  soavsoriuB,  and  epimSral  (StrausB-Durckheim),  we 
prefer  the  name  of  gluteus  ventrcUis,  which  expresses  its  relations 
to  the  remaining  portions  of  the  masa  The  last  and  least 
common  segment,  gluteus  guirUus  of  Macalister,  has  been 
also  spoken  of  as  gluteus  quartus  by  Watson  and  Young, 
according  to  whom  it  was  first  described  by  Douglas  as  Jf. 
jHirvus  in  articulatione  femoris  situs.  As  this  muscle,  which 
arises  from  the  iliac  portion  of  the  acetabulum,  over  the  reflected 
tendon  of  the  rectus  when  that  is  present,  is  much  the  deepest 
factor,  we  propose  for  it  the  name  of  gluteus  profundus. 

Agitator  eaudoe;  also  called  by  Strau8S-Durckheim,jKira^7/ieraZ. 
We  prefer  the  name  caudo-femoralis.  It  is  true  that  fliis  term 
has  been  applied  to  the  pyrif ormis  by  Gadow ;  but  as  writers  on 
mammalian  myology  have  not  accepted  such  alteration,  which 
for  our  part  we  consider  to  be  unnecessary,  we  think  this  objec- 
tion may  be  waived. 

OracUis:  also  called  adductor  htus  arUicruris  (Bendz).  The 
term  used  in  human  anatomy  is  highly  inapplicable  in  many  cases 
in  comparative  myology.  We  should  ^suggest  naming  this  muscle 
adductor  cruris  \  and  when,  as  is  not  infrequently  the  case,  it  is 
double,  the  two  portions  can  be  distinguished  as  a&ticus  and 
posticus. 

Addtietors:  we  are  doubtful  whetber  in  by  far  the  greater 
number  of  mammals  it  is  possible  im  any  accurate  manner  to 
homologate  the  factor  of  the  adductor  mass  with  those  of  human 
anatomy :  often  only  two  layers  can  be  made  out ;  and,  as  we 
shall  point  out,  a  portion  of  what  is  adductor  magnus  in  man  is 
often  detached  from  that  muscle  in  other  mammals.  It  is  better, 
therefore,  to  use  non-committal  names,  and  Macalister  has  used 
those  of  primus,  secundus,  and  tertius,  numbering  the  muscles 
from  behind  forwards.  For  our  own  part,  we  dislike  the  numeri- 
cal method  of  naming  muscles,  since,  as  in  this  case,  there  is  no 
reason  why  the  numbering  should  not  go  the  other  way ;  and 
since  the  terms  dorsalis  aiui  ventralis  are  inadmissible,  owing  to 
the  rotation  of  the  limb,  we  should  suggest  that  where  there  are 
three  of  these  muscles  they  should  be  called  anticm,  medius,  and 
posticus^  the  middle  name  being  omitted  in  the  bilaminar  oondi- 
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tioiL  The  sufiSxes  in  question  do  not  here  sufifer  from  the  same 
disability  as  in  other  parts  of  the  body. 

Isehio-^uprtzcondyloideus :  we  suggest  this  name  for  that  por- 
tion of  the  human  adductor  magnus  which  i»  attached  to  the 
condyle  of  the  femur.  We  have  no  doubt  that  this  is  a  part  of 
the  semi-membranoBus  with  which  it  is  fused  in  some  animals, 
whilst  in  others  it  is  a  completely  distinct  muscle.  By  giving  it 
a  distinctive  name  it  will  be  easy  to  describe  its  exact  relations 
to  the  above-mentioned  muscles,  without  the  necessity  of  employ- 
ing a  periphrase. 

Qiuidriceps  femaria  (of  the  Grerman  Committee) :  we  prefer  to 
call  this  QtuidricqM  eocUnsor  cruris,  and  to  speak  of  its  separate 
parts  as  sv/perfidalis  {Tect%L8  femoris),  profu/ndus  (crureus),  lateralis 
(vastus  extemus;  v.  lateralis  of  the  German  Committee),  and 
mesialis  (vastus  intemus).  Perhaps  the  name  of  tensor  capsules 
might  be  applied  to  the  subcru/reus. 

Sartarius:  this  muscle  would  be  better  named,  we  think, 
ilio4ibialis,  as  its  present  appellation  is  ridiculous  in  comparative 
anatomy. 

Biceps  femoris ;  this  muscle  has  frequently  only  one  head ;  and 
when  it  does  justify  its  name,  the  two  heads  are  not  those  of 
human  anatomy.  We  think,  therefore,  that  it  would  be  better 
to  call  it  Jlexor  crv/ris  lateralis.  Gadow  has  applied  a  somewhat 
similar  term,  flexor  tibialis  externus,  to  the  semi-membranosus, 
the  semi-tendinosus  being  the  fellow  internua  Whilst  agreeing 
that  the  terms  of  human  anatomy  are  unsatisfactory,  we  are 
doubtful  as  to  the  policy  of  changing  them ;  but  if  change  is  to 
be  made,  perhaps  Gadow's  terms  are  as  satisfactory  as  can  be 
devised. 

BidpUi  accessarius:  we  think  that  the  term  tenuissimus,  which 
has  also  been  applied  to  this  muscle,  is  a  better  name,  as  it  at 
least  describes  its  invariable  character. 

Flexor  longus  digitorum  and  fl.  lonffus  halltuns:  Dobeon's 
alternative  names  ot  flexor  tibialis  and  ^,/E&u^m,  which  so  much 
more  accurately  express  the  nature  of  these  muscles  in  compara- 
tive myology,  have  already  been  so  widely  accepted  as  to  require 
no  more  than  mention. 

By  way  of  summary,  we  add  a  list  of  present  and  suggested 
names. 
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B.  Cap.  anticufl  ma.  et  mi 
posticus  migor. 


i> 


>>  91 


19 


mmor. 
Obliquns  capitis  superior. 

}>  9>  >9 

Digastric. 

Scalenus  anticus. 

Scaleni  medius  et  posticus. 

Trapezius. 

Levator  humeri 

„       claviculsB. 
Ehomboidei. 

Levator  scapulsd  minor. 
Serratus  posticus. 
Levator  anguli  scapulae. 
Rectus  abdominis. 
Pectoralis  quartus. 
Biceps  cubiti. 
Brachialis  anticus. 
Triceps. 

Dorsi-epitrochlearis. 
Epitrochleo-anconeus. 
Gluteus  maximus. 

medius. 

minimus. 

quartus. 

quintus. 
Agitator  caud®. 
Gracilis. 
Adductores. 

Quadriceps  femoris. 

Bectus  femoris. 

Cmreus. 

Vastus  extemus. 
„      intemus. 
Subcrureus. 
Sartorius. 
Biceps  femoris. 
Bicipiti  accessorius. 


99 


>9 


99 


99 


99 


99 


99 


99 


99 


99 


Suggested, 

B.  cap.  ventralis  ma.  et  mi. 

dorsalis      superficialis      et 
medius. 
„       profundus. 
Obliquus  capitia 

„        colli 
Depressor  mandibulse. 
Scalenus  ventralis. 
Scaleni  longus  et  brevis. 
Clavo-,  Acromio-,  et  Dorso-cucul- 

lares. 
Cepbalo-humeral 
Omo-tracholian. 
Bh.  capitis  et  colli 

thoracis. 

profundus. 
S.  dorsalis,  thoracis  et  lumbalis. 
„  colli. 
B.  ventraHs. 
Abdomino-humeralis. 
Flexor  longus  cubiti 

„      brevis      „ 
Extensor  cubiti 
Latissimo-olecranalis. 
Epitrochleo-olecranalis. 
Ecto-gluteus. 
Meso     „ 
Ento      „ 
GL  ventralis. 
yy   profundus. 
Gaudo-femorahs. 
Adductor  cruris. 

„        anticus,  medius  et  posti- 
cus. 
Quadriceps  extensor  cruris. 

Superficialis. 

Profundus. 

Lateralis. 

Mesialis. 
Tensor  capsulte. 
Ilio-tibialis. 
Flexor  cruris  lateralis. 
Tenuissimus. 


A  CASE  OF  AN  ADDITIONAL  PRESACRAL 
*    VERTEBRA.    By  R  J.  Gladstone. 

The  specimen,  the  spinal  column  of  an  adult  male  European, 
has  the  following  vertebral  formula : — 

7  Cervical 
13  Bearing  ribs. 

5  Of  the  lumbar  type. 

5  SacraL 

4  Coccygeal 

34 

The  11th  and  12th  ribs,  with  the  vertebrae  which  correspond 
to  them,  apparently  accord  with  the  normal  11th  and  12th 
costo-vertebral  segments  of  the  thoracic  region ;  and  the  13th 
ribs,  which  are  carried  by  the  20th  vertebra  to  two  lumbar  ribs 
which  have  been  developed  in  connection  with  the  first  lumbar 
vertebra. 

The  cartilages  of  the  11th  rib  are  |  inch  long,  and  in  the  recent 
state  floated  free  in  the  abdominal  wall.  The  ribs  themselves  are  8 
inches  in  length.  They  articulate  with  the  sides  of  the  body  and 
pedicles  of  the  11th  dorsal  vertebra,  but  not  with  its  transverse 
processes.  The  upper  part  of  the  rib-head  articulates  to  a  slight 
extent  with  the  lower  border  of  the  10th  dorsal  vertebra,  and 
there  is  an  interarticular  ligament  on  each  side.  The  11th  ribs 
thus  correspond  with  the  normal  type  in  so  far  as  they  are 
'  floating  ribs,'  and  in  the  absence  of  a  tuberosity  for  articulation 
with  the  transverse  process  of  the  vertebra.  They  differ  in 
articulating  with  the  side  of  the  vertebra  next  above,  as  well  as 
with  the  11th,  and  in  possessing  an  interarticular  ligament. 

The  12th  ribs,  also  free,  are,  including  their  cartilages,  6} 
inches  long.  They  articulate  by  their  heads  with  the  pedicles 
of  the  12th  D.V.  They  have  a  slight  angle,  no  tuberosity. 
They  do  not  articulate  with  the  11th  D.V.,  but  on  the  right  side 
there  is  an  interarticular  ligament,  connecting  the  rib-head  with 
the  intervertebral  disc. 

The  13th  rib  of  the  right  side,  measuring  to  the  tip  of  the 
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costal  cartilage,  is  3  J  inches  long.    It  has  the  characters  of  an 

ordinary  12th  rib.    The  corresponding  rib  on  the  left  is  barely 

1|  in  length ;  its  head  is  large,  and  very 

irregular  in  shape.     ThelSth  rib  of  each 

side  has  a  levator  costse,  and  they  both 

receive  the  whole  of  the  costal  insertion 

of  the  quadratus  lumborunL 

The  cervical  and  upper  dorsal  vertebrae 
are  normal.  The  9th  and  10th  D.V.  have 
demifacets  both  above  and  below  for  the 
rib-heads.  The  11th  D.V.  has  no  facets 
upon  the  transverse  processes;  it  has 
demifacets  above  for  the  rib-heads,  which 
are  in  part  situated  on  the  pedicles.  Its 
inferior  articular  processes  look  almost 
directly  forwards.  The  12th  D.V.  has  a 
complete  facet  on  each  side  upon  the 
pedicles ;  its  inferior  articular  processes 
look  forward  and  outward.  The  trans- 
verse processes  are  short,  and  there  are 
well-marked  superior,  ioferior,  and  ex- 
ternal tubercles. 

The  innominate  bones  articulate  with 
2^  segments  of  the  sacrum ;  these  corre- 
spond to  the  26th,  27th,  and  28th 
vertebrae.  The  main  attachment  is  to 
the  26th,  which  thus  constitutes  the 
'  r.  Fulcralis '  of  HoU  (2),  which  he  finds 
to  be  most  commonly  the  25th. 

The  sacrum  consists  of  5  bones:  the 
upper  2^  enter  into  the  formation  of  the 
auricular  surfaces.  The  depressions  upon 
the  surface  for  the  attachment  of  the 
sacro-iliac  ligaments,  described  by  Prof. 
A.  M.  Paterson  (3),  are  three  in  number;  the  first,  corre- 
sponding to  the  26th  vertebra,  being  large  and  deep,  its  floor 
upon  the  right  side  being  perforated  so  as  to  eistablish  a  com- 
munication with  the  neural  canaL  The  transverse  processes  of 
the  first  sacral  vertebra  are  prominent    There  is  no  *  sacral 
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notch.'  The  last  segment  has  the  appearance  of  a  first  coccygeal 
vertebra,  which  has  become  anchylosed  to  the  sacrum.  The 
promontory  is  .formed  by  the  junction  of  the  last  lumbar  vertebra 
with  the  sacrum;  it  forms  an  angle  of  155^  The  sacral  curve 
is  chiefly  in  the  lower  part  of  the  bone,  being  formed  by  the 
bendiog  forward  of    the  5th  segment    The  sacral  index  is 

4i      -^^^• 

The  coccyx  consists  of  3  segments,  firmly  united  into  one  bone, 
the  last  bearing  a  small  nodule,  representing  the  centrum  of  a 
fourth  vertebra.  The  first  of  these  segments  has  the  characters 
of  an  ordinary  2nd  coccygeal  vertebra,  the  2nd  and  3rd  segments 
of  the  typical  3rd  and  4th.  The  bone  articulates  by  a  movable 
joint  with  the  sacrum. 

The  coccyx,  according  to  Steinbach,^  consists  in  most  cases 
in  the  male  subject  of  five  vertebrae.  It  is  not  necessary,  there- 
fore, to  look  upon  this  case  as  one  in  which  an  additional 
vertebra  has  been  *  intercalated.'  To  use  Topinard's  (4)  terms, 
the  specimen  is  one  in  which  it  may  be  presumed  that  *  compensa- 
tion' has  occurred,  rather  than  that  there  is  any  'excess'  of 
vertebral  elements. 

The  number  of  coccygeal  vertebrae  being  reduced  by  the  first 
having  been  assimilated  with  the  sacrum,  this  has  been  '  com- 
pensated '  for,  by  the  first  sacral  vertebra  having  been  liberated 
to  form  a  sixth  lumbar. 

The  13th  ribs  would,  if  the  case  were  r^arded  in  this  light, 
arise  from  the  persistence  and  growth  of  the  cartilaginous  rudi- 
ment which  has  been  shown  to  be  normally  present  in  connec- 
tion with  the  first  lumbar  vertebra  of  the  embryo,  its  develop- 
ment having  been  influenced  probably  by  the  increased  length 
of  the  lumbar  region. 

According  to  Sosenberg's  (5)  theory,  the  case  would  be  an 
instance  of  atavism,  and  comparable  with  the  normal  condition 
in  the  Gibbon. 

Bosenberg  believes  that  there  is  a  tendency  in  the  develop- 
ment of  the  human  race  towards  shortening  of  the  vertebral 

1  According  to  E.  Steinbadi,  there  are  in  most  instAneee  5  ooocygeel  vertebne  in 
the  male,  4  or  5  with  about  equal  frequency  in  the  female. 
("  Die  Zahl  der  Gaadalwirbel  beim  Menschen,"  Diae.,  Berlin,  1889.) 


ADDITIONAL  PRBSACRAL  VERTEBRA.  533 

column,  and  that  our  descendants  in  the  remote  future  will  be 
possessed  normally  of  eleven  instead  of  twelve  ribs. 

Comparing  the  case  with  Kolliker's  (6)  hypothesis,  that  the 
26th  spinal  segment  is  the  one  with  which  the  ilium  ia 
primitively  and  primarily  connected  in  the  embryo,  and  that 
subsequently  a  forward  movement  of  the  pelvis  upon  the 
vertebral  column  takes  place,  it  would  seem  that  this  shifting 
forwards  of  the  lower  extremity  upon  the  vertebral  axis  had 
been  arrested,  and  the  ilia  had  remained  attached  principally  to 
the  26th  vertebra. 

Welcker  and  HoU,  however,  state  that  the  25th  is  the 
primitively  first  sacral,  and  in  that  case  the  specimen  would 
indicate  that  a  shifting  backwards  of  the  pelvis  had  occurred, 
and  not  an  arrest  of  the  forward  movement,  which,  it  is  assumed 
in  the  former  theory,  takes  place  in  the  normal  development  of 
the  individual. 

The  high  bifurcations  of  the  aorta  and  common  iliac  arteries, 
which  correspond  respectively  to  the  upper  border  of  the  24th 
vertebra,  and  the  disc  between  the  24th  and  25th  vertebrae,  and 
the  formation  of  the  lumbar  ahd  sacral  nerve  plexuses  described 
below,  are  in  favour  of  the  backward  movement  of  the  pelvis 
(should  it  be  granted  that  this  has  taken  place)  having  occurred 
subsequently  to  the  development  of  the  vessels,  which  have 
retained  their  original  position  with  respect  to  the  vertebral 
column.! 

The  apparently  high  bifurcation  of  the  aorta  and  common 
iliac  arteries  will  be  seen  to  correspond  very  closely  with  the 
typical,  if  we  regard  the  6th  lumbar  as  the  tme  first  sacral 
vertebra. 

The  common  iliac  veins  united  to  form  the  inferior  vena  cava, 
at  a  point  slightly  above  the  middle  of  the  5th  lumbar  vertebra.* 

The  cervical  and  upper  part  of  the  brachial  plexus  were,  as 
far  as  I  can  remember,  formed  in  the  usual  way.  The  anterior 
primary  divisions  of  the  1st  thoracic  nerves  formed  with  the 
8th  cervical  the  lower  primary  cord  of  the  brachial  plexus,  and 

^  I  am  informed  by  Dr  A.  Robinson  that  the  Mrta  in  the  mammalian  embryo 
normally  bifiircates  opposite  the  5th  L.  V. 

^  From  the  left  common  iliac  vein  a  large  communicating  vessel  passed 
upwards  to  join  the  left  renal  vein,  just  external  to  the  junction  of  the  left 
spermatic  vein  with  that  ye&sel. 
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supplied  a  small  branch  to  the  first  space.  The  2n(l  intercostal 
nerve  on  each  side  passes  upwards  over  the  2nd  rib  to  the  first 
interspace ;  it  sends  a  small  branch  to  its  own  space,  which  takes 
the  usual  course  of  the  main  nerve. 

The  12th  thoracic  nerve  of  each  side,  running  forward  in  the 
abdominal  wall  from  the  space  between  the  12th  and  13th  ribs, 
gives  no  iliac  branch. 

Five  nerves  enter  into  the  formation  of  the  lumbar  plexus  on 
each  side.  These  are  the  21st  to  the  26th  spinal  nerves 
inclusive ;  or,  regarding  the  20th  vertebral  segment  as  the  Ist 
lumbar  vertebra,  carrying  two  lumbar  ribs,  the  1st  to  the  5th 
lumbar  nerves. 


IHstribiUion  of  the  spinal  nerves,  itrUh  their  rekUion  to  the 

vertebral  column. 

Fig.  3. 
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VI  in  the  upper  Une  represents  the  corresponding  vertebra  of  each  spinal  nerve  (3.K.) 
figured  below,  arranged  according  to  the  different  regions  in  the  normal  vertebral  column. 

All  those  vertebrae  which  are  to  the  left  of  the  double  line  between  the  26th  and  27th  spinal 
nerves  are  presacral. 

The  sacrum  is  formed  by  the  26th-4IOth  vertebra  inclusive :  the  numbers  repreeenttng  i 
are  seen  in  the  line  vs.  at  the  bottom  of  the  table. 

The  names  of  the  nerves  are  indicated  by  their  initials  in  the  columns  to  the  left 

The  right  sacral  and  pudendal  nlezuses  are  not  represented,  the  innominate  bone  hi  _ 
been  disarticulated  on  that  side,  in  the  ordinary  course  of  dissection,  before  the  anomaly  in  tike 
formation  of  the  column  was  recognised. 

On  looking  at  the  table,  fig.  3,  it  will  be  seen  that   the 
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lumbar,  thot^h  aJmoet  normal  as  regards  its  upper  part,  is  taken 
as  a  whole  of  the  low  form  or  '  post  fixed '  type  of  Sherrington. 


P!*H 


r 


^        The  ilio-inguiDal  nerve  is  absent  on  both  sides.    The  5th  Inmbar 
'^        nerve  (25th  spinal  nerve)  is  divided  between  the  lumbar  and 
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sacral  plexuses  on  each   side,  thus  constitutdng  the  'furcal 
nerve '  of  v.  Jheiing  (7). 

The  lumbo-sacral  cord^  derived  from  the  25th  and  26th 
spinal  nerves  on  the  left  side  joins  with  the  27th,  28th,  and 
29th  to  form  the  great  sciatic  nerve,  the  external  popliteal 
deriving  fibres  from  the  25th  to  the  28th  inclusive,  the  internal 
popliteal  from  the  25th  to  the  29th. 

The  pudic  nerve  is  derived  from  the  28th  and  29th  spinal 
nerves,  which  issue  from  the  2nd  and  3rd  sacral  foramina. 

As  the  internal  popliteal  nerve  receives  a  branch  from  both 
the  28th  and  29th,  each  of  these  nerves  is  common  to  both  the 
sciatic  and  the  pudic  plexuses.  The  29th  spinal  nerve  passing 
through  the  3rd  sacral  foramen,  being  the  last  root  of  the  great 
sciatic  aerve,  would  be  regarded  as  the  *  bigeminate ' :  it  is,  how- 
ever, a  small  branch ;  and  the  first  root  of  the  pudic  nerve  being 
derived  from  the  28th,  I  am  inclined  to  look  upon  this  as  the 
true  'aervus  bigeminus/  Supposing  the  6th  lumbar  vertebra 
to  be  a  liberated  sacral,  this  nerve,  the  28th,  would  represent  the 
3rd  sacral,  viz.,  that  nerve  which  in  the  human  subject  has 
been  found  by  Eisler  (8)  and  Prof.  Paterson  most  commonly 
to  form  the  bigeminate.  On  the  other  hand,  the  sciatic  nerve 
receiving  a  branch  from  the  29th,  corresponds  with  the  low  posi- 
tion of  the  *  f ureal  nerve,'  which  is  formed  by  the  25th  spinal 
nerve. 

A  nerve  issues  on  each  side  from  the  fourth  anterior  sacral 
foramen,  and  communicates  with  another  coming  forward 
through  the  coccygeus  muscle,  between  the  sacrum  and  coccyx. 
These  two  nerves  are  the  30th  and  31st  spinal ;  and  regarding 
the  last  sacral  vertebra  as  the  1st  coccygeal,  which  has 
become  anchylosed  to  the  sacrum,  they  would  represent  the  5th 
sacral  and  Ist  coccygeal  nerves. 

Coming  through  the  coccygeus  muscle  by  the  side  of  the  first 
segment  of  the  movable  coccyx,  there  was  apparently  upon  the 
left  side  a  32nd  spinal  nerve.  This,  examined  microscopically, 
showed  no  definite  nerve  structure. 

Schlemm,  in  examining  seven  cases,  found  two  coccygeal  nerves 

*  Prof.  Paterson  found  in  23  dissections  that  the  n.  farcalis  was  derived  from 
the  4th  lumbar  nerve  in  19  ;  from  the  5th  nerve  in  6.  '^  Origin  and  distribution 
of  nerves  to  lower  linij),"  Jvwr,  of  An<U,  and  Phys,^  vol.  xxviii.  p.  87. 
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on  both  sides,  in  one  instance,  and  on  one  side  only  in  another 
case. 

Eauber  has  also  described  vestiges  of  a  second  and  even  a 
third  pair  of  coccygeal  nerves  as  normally  present  in  the 
bundles  of  medullated  nerve  fibres  normally  contained  in  the 
filam  terminale. 

The  formation  of  the  plexuses,  and  their  relation  to  the  verte- 
bral column,  resembles  to  a  certain  extent  cases  which  have  been 
reported  by  Prof.  Birmingham  (9-)  and  Paterson,  and,  like  them, 
these  relations  tend  to  favour  the  view  that  cases  of  numerical 
variation  in  the  number  of  vertebrse  forming  the  diifferent 
portions  of  the  column  are  due  to  variation  in  the  position  of 
the  attachment  of  the  extremities  to  the  trunk,  and  not  to  the 
interpolation  of  an  additional  segment  in  the  particular  region  in 
which  the  extra  vertebra  is  found. 

I  have  laid  considerable  stress  upon  the  nerve  relations  of  this 
case,  as  it  seems  probable  that,  as  stated  by  Goodsir  (10),  "  the 
nervous  elements  of  the  limbs  appear,  as  in  other  parts  of  the 
vertebrate  animal,  to  indicate  most  distinctly  the  morphological 
constitution  of  the  sclerous  elements." 

Variations  in  the  number  and  position  of  the  segments 
forming  the  vertebral  column  appear  to  be  by  no  means 
infrequent.  According  to  Tenchini  (11),  in  eighty  cases  which 
he  examined,  he  encountered  eight  which  he  classified  in  the 
following  manner : — 

In  excess   3, — 34  vertebrae. 
In  default  3, — 32  vertebrae; 

He  supports  the  view  that  instances  occur  in-  which  variations 
in  one  portion  of  the  spinal  column  are  not  always  accompanied 
by  a  compensating  excess  or  diminution  in  another.  His  cases, 
though  numerous,  are,  however,  unaccompanied  by  any  detailed 
reports.  It  will  be  interesting  to  hear  what  light  further  dis- 
sections will  throw  upon  the  question. 


[References. 
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ON  THE  STEUCTUEE  OF  CEOSS-STEIATED  MUSCLE, 
AND  A  SUGGESTION  AS  TO  THE  NATUEE  OF 
ITS  CONTEACTION.  By  W.  M'Dougall.  {From  the 
Physiological  Zdboratories  of  St  Thomas's  Hospital  and  the 
University  of  Cambridge,)    (Plates  XVI. -XXV.) 

{Continued  from  page  441.) 

Interpretation  of  the  Appearances  of  Leg  Muscles  of  Dytiscus. 

I  shall  first  offer  what  seems  to  be  the  only  possible  inter- 
pretation of  the  appearances,  in  terms  of  our  working  hypothesis, 
— an  interpretation  which,  if  the  truth  of  the  hypothesis  be 
assumed,  seems  to  consist  merely  of  necessary  inferences  as  to 
the  structure  of  the  muscle  columns  drawn  from  the  changes  in 
shape  which  they  exhibit  during  contraction ;  and  I  shall  then 
bring  forward  further  observations  and  arguments  in  support 
of  it 

If  the  structure  of  the  lamellar  muscle  columns  is  similar  to 
that  which  I  have  described  as  obtaining  in  the  wing  sarcostyles, 
i.e.,  if  the  muscle  column  consists  of  a  series  of  membrane- 
bounded  chambers  filled  with  fluid,  and  separated  from  one 
another  by  transverse  inextensible  septa,  of  which  the  lines  a 
and  their  bright  borders  are  the  optical  expression,  and  if  in 
each  of  these  segments  or  sarcomeres  there  be  at  the  levels  7 
P  7  three  transverse  extensible  elastic  septa,  of  which  that  at  ^ 
is  less  readily  extensible  than  the  others,  then  if,  by  any  force, 
the  septa  a  are  approximated  to  one  another,  all  the  changes  in 
shape  of  the  muscle  column  that  I  have  described  must  follow. 
For  this  sarcomere  in  the  uncontracted  state  is  a  rectangtdar 
chamber,  of  which  the  depth  measured  in  the  long  axis  of  the 
fibre  {i.e,,  the  distance  between  the  lines  a  in  stage  A)  is  6  /a 
and  the  thickness  is  about  1*4  /i,  and  the  width  measured  in  the 
radial  direction  is  not  the  same  in  all  columns,  but  vaunes 
between  15  jj,  and  30  /a  ;  the  second  dimension  is  given  by  the 
intervals  at  which  the  longitudinal  lines  of  sarcoplasm  occur  on 
the  mid-line  of  the  surface  of  a  fibre  in  stage  A  (see  photo.  19)f 
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and  the  last  measurement  is  made  on  transverse  sections  of 
living  fibres.  These  sarcomeres  are  joined  together  in  longitud- 
inal series  to  form  the  muscle  column.  It  is  obvious  that  if  the 
sarcomere  ia  changed  in  shape  by  the  approximation  of  the 
septa  a  and  a  bulging  of  its  side  walls,  the  volumes  of  the 
successive  solid  figures  which  it  forms  vary  with  the  area  of  the 
cross-section  parallel  to  its  smallest  side,  ie.y  with  the  area  of  the 
end  which  appears  at  the  surface  of  the  fibre,  and  which  is  5  /x 
by  1-4  /i  in  stage  A.  For  any  change  in  volume  due  to  bulging 
of  these  small  end-walls  is,  in  a  chamber  of  this  shape,  so  small 
a  part  of  the  whole  change  that  it  is  negligible.  But,  according 
to  the  hypothesis  as  to  the  structure  of  the  sarcomeres,  each  is 

y^^: — --^^ ^e^^  ^^^^ 


Fio.  14. — Diagram  of  two  sarcomeres  fully  extended. 

divided  into  four  equal  parts  by  transverse  septa  at  7  ^  and  7, 
and  the  area  of  the  small  end  at  the  surface  is  divided  into  four 
smaller  areas,  of  which  each  is  1*4  /i  long  and  f  /a  broad  (cp.  fig. 
14).  Now,  a  rectangular  surface  whose  sides  may  become 
curved  outwards  as  arcs  of  circles,  with  a  corresponding  drawing 
together  of  its  ends  without  change  of  area,^  is  one  of  which  the 
ends  are  to  the  sides  as  8  to  7,  and  in  any  rectangular  area  of 
which  the  length  of  the  sides  is  a  smaller  fraction  of  the  length 
of  the  ends  than  |,  such  a  curving  of  the  sides  results  in  a 
diminution  of  area.  Now,  the  ends  of  the  four  small  areas  into 
which  the  ends  of  the  sarcomeres  at  the  surface  of  the  fibre  are 
divided  by  the  lines  7^7  are  to  the  sides  of  these  ai*eas  as  1*4 
M  to  f  /x,  and  therefore  such  a  change  of  shape  without  altera- 
tion of  the  lengths  of  the  walls  must  in  their  case  result  in  a 

^  This,  again,  is  not  strictly  accurate  :  tliere  roust  be  a  variation  in  area,  bat  so 
slight  as  not  to  affect  the  argument. 
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diminution  of  area.  Since,  then,  the  volumes  of  the  chambers 
of  the  sarcomere  vary  with  these  areas,  any  force  tending  to 
bring  together  the  septa  a,  by  causing  the  fluid  contents  to  press 
upon  the  side  walls,  will,  just  as  in  the  case  of  the  chambers  of 
the  wing  sarcomere,  make  the  segments  of  these  bulge  as  arcs  of 
circles,  and  the  resulting  tendency  to  diminution  of  volume  will 
be  compensated  by  the  stretching  of  the  elastic  septa  7  jS  y. 
It  will  suflBce  to  point  out,  without  following  out  the  details  of 
the  process,  that  the  conditions  of  these  sarcomeres  are  quite 
similar  to  those  which  obtain  in  the  wing  sarcomeres,  and  that 
as  the  septa  a,  the  ends  of  the  sarcomeres,  come  nearer  and 
nearer  together,  there  will  result  a  series  of  changes  similar  to 
those  described  in  the  contracting  wing  sarcomere,  namely,  the 
stretching  out  of  the  septa  7  y  with  the  obliteration  of  the  con- 
strictions caused  by  them,  and  the  rolling  out  of  the  side  walls 
on  one  another  at  a,  and  in  later  stages  the  stretching  out  of  ^ 
and  the  obliteration  of  the  constriction  caused  by  it.  So  there 
will  be  produced  the  series  of  changes  in  the  distribution  of  the 
sarcoplasm  and  the  outlines  of  the  muscle  columns  that  I  have 
described  above. 

Further  Observations  supporting  the  above  interpretation. 

If  the  muscle  columns  are  really  hollow  lamellar  tubules  (if 
the  phrase  may  be  used),  the  structure  and  arrangement  of  their 
parts  that  I  have  suggested  seems  to  be  the  only  conceivable  one 
by  which  the  observed  changes  of  shape  could  be  brought  about. 
What  is,  then,  the  evidence  that  the  muscle  columns  are  such 
tubules  filled  with  fluid  ? 

In  the  first  place,  the  complete  analogy  in  the  cycle  of 
changes  during  contraction  between  these  muscle  columns  and 
the  wing-muscle  sarcostyles  indicates  that  they  are  essentially 
similar  structures ;  and  the  observations,  that  I  have  recorded 
above,  on  the  structure  of  the  wing-muscle  sarcostyles,  leave  no 
doubt  in  my  own  mind  that  they  are  hollow  tubules,  with 
membranous  walls. 

Secondly,  there  is  a  certain  amount  of  direct  evidence  of  the 
existence  of  membranous  walls  to  the  muscle  columns. 
Although  I  have  not  succeeded  in  showing  the  stained  wall  in 
photographs  of  transverse  sections,  I  have  seen  in  well-stained 
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BectioDB  a  thin  dark  line  marking  the  plane  of  separation  be- 
tween the  sarcoplasm  and  the  muscle  columns ;  and  in  prepara- 
tions made  by  partially  disrupting  by  pressure  transverse 
sections  of  fibres  fixed  with  chromic  acid  and  stained  with  leg- 
wood,  I  have  occasionally  f oimd  isolated  parts  of  muscle  columns 
presenting  their  transverse  section  to  view;  such  a  transverse 
section  is  bounded  by  a  thin  darkly-stained  line,  which  seems  to 
be  the  section  of  the  wall  of  the  column,  though  it  might  possibly 
be  due  to  a  layer  of  adherent  sarcoplasm. 

Isolated  muscle  columns  stained  with  logwood  (^.  photos.  21, 
24,  25,  and  30)  appear  faintly  stained  in  all  their  length,  and 
that  the  staining  is  of  the  surface  only,  as  in  the  case  of  the 
wing  fibrils,  is  shown  by  the  fact  that  no  staining  of  the  substance 
forming  the  thickness  of  the  columns  can  ever  be  seen  in  trans- 
verse or  longitudinal  sections  of  them  stained  with  logwood. 

Photos.  21,  24,  and  25  show  that  after  fixing  with  chromic 
acid  the  surfaces  of  the  muscle  columns  are  longitudinally 
wrinkled:  I  shall  show  below  that  this  wrinkling  is  due  to 
the  shrinkage  caused  by  the  chromic  acid.  Now,  if  the  muscle 
columns  be  slips  of  homogeneous  substance  comparable  to  slips 
of  gelatine,  there  is  no  obvious  reason  why  shrinkc^e  should 
cause  this  wrinkling  of  their  surfaces.  But  if  they  be  of  the 
nature  of  membranous  tubules,  then  the  abstraction  of  fluid 
from  their  interior,  which  undoubtedly  results  from  the  action 
of  the  chromic  acid,  may  well  cause  a  longitudinal  wrinkling 
such  as  is  always  produced  by  it. 

It  is  clear  that,  just  as  in  the  case  of  die  wing  sarcostyles, 
there  must  be  longitudinal  foldings  of  the  walls  of  the  extended 
sarcomere  to  allow  the  increase  in  diameter  at  its  equator  to  be 
effected,  and  these  should  be  especially  well-marked  on  the 
narrow  end-walls  at  the  surface  of  the  fibre.  When  the  surface 
of  an  extended  fibre  is  carefully  f ocussed,  longitudinal  striae  can 
be  made  out  on  these  end  walls,  and  it  seems  probable  that  they 
are  the  expression  of  such  foldings. 

When  the  wing  sarcostyle  is  treated  with  strong  alcohol,  it 
can  be  seen  to  shrink  at  the  middle  part  of  each  sarcomere, 
causing  the  discs  a  to  project  prominently  at  the  edge.  This  is 
presumably  due  to  the  dehydrating  action  of  the  alcohol  on  the 
watery  contents  of  the  sarcomere.    Strong  alcohol  has  just  the 
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same  effect  upon  the  segments  of  these  muscle  columns.  To 
this  point  I  shall  have  to  return  below. 

Thirdly,  a  strong  argument  in  favour  of  this  view  ol  the 
structure  of  the  muscle  columns  may  be  baaed  on  general  con- 
siderations. The  muscle  columns  are  the  parts  which  support 
the  weight  of  a  heavy  body  attached  to  a  muscle  (in  the  con- 
tracted if  not  in  the  relaxed  condition),  and  a  strip  of  muscle 
1  sq.  cm.  in  cross-section  can  lift  a  weight  of  nearly  10  kiloa  (7. 
S.  64).  The  substance  of  the  muscle  columns,  which  forms  only 
a  part  of  the  cross-section,  is  then  capable  of  resisting  a  very 
considerable  pull,  and  some  such  structure  as  that  which  I 
am  endeavouring  to  establish  for  the  muscle  columns  is  the  only 
one  compatible  with  their  known  properties.  For,  at  the  same 
time  they  are  the  seat  of  very  rapid  and  complex  chemical 
changes,  they  are  capable  of  resisting  a  very  considerable  longi- 
tudinal tension,  of  undergoing  a  rapidly<^ltemating  shortening 
and  elongation  amounting  to  more  than  50  p.c.  of  their  length, 
with  very  definite  changes  in  their  configuration,  and  they  retain 
their  form  under  all  sorts  of  violent  stresses.  We  may,  of 
course,  escape  the  conclusion  forced  upon  us  by  this  argument 
by  supposing  that  the  substance  of  living  cells  is  of  a  nature 
different  to  anything  known  outside  the  ^livizig  body.  We  may, 
then,  attribute  to  it  any  combination  of  properties  which  seems 
most  convenient :  for  example,  we  may  call  it '  semi-solid,'  and 
attribute  to  it  the  properties  of  a  perfect  fluid  and  a  perfect 
solid.  But  this  seems  to  be  a  giving  up  of  the  whole  problem ; 
and  we  have  no  right  to  assume  this  position  while  it  is  possible 
to  offer  any  satisfactory  explanation  of  the  facts  in  terms  of  our 
working  hypothesis. 

Fourthly,  Kuhne  has  shown  (8,  p.  322)  that  after  breaking  up 
the  substance  of  living  muscle  very  finely,  there  may  be 
expressed  from  it  a  considerable  quantity  of  liquid  muscle 
plasma ;  and  it  is  almost  certain,  as  will  be  generally  admitted, 
that  this  formed,  in  the  recent  state,  a  part  of  the  muscle  columns. 

I  have  made  a  large  number  of  pairs  of  preparations  in  the 
following  manner : — A  small  slip  of  the  leg  muscle  of  the  beetle 
was  taken  from  one  side  of  the  body  and  pinned  out  and  fixed 
by  formaline  in  a  condition  of  complete  extension;  the  corre- 
sponding slip  was  taken  from  the  other  side  of  the  body  of  the 
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same  beetle,  aud  was  thrown  free  into  formaline,  in  which  it 
became  fixed  in  a  contracted  state,  usually  a  late  C  or  the  D 
stage.  Transverse  sections  were  then  cut  mth  the  freezmg 
microtome  from  both  pieces,  and  either  sections  from  the  middle 
parts  of  each  were  mounted,  or  the  whole  of  each  was  cut  into 
sections,  and  the  sections  from  the-  middle  part  and  from  either 
end  were  mounted  in  three  separate  greup&  I  then  carefully 
measured  the  lengths  of  the  radial  sections  of  the  muscle  columns 
in  a  number  of  sections  on  each  one  of  the  pairs  of  slides  so 
obtained,  so  as  to  find  their  average  length,  and  also  measured 
those  of  smallest  and  of  largest  radial  length.  Then,  on  com- 
paring the  lengths  so  observed  with  the  lengths  similarly  mea- 
sured on  the  other  slide  of  the  pair,  it  was  not  possible  to  detect 
any  constant  difference  between  the  lengths  of  the  radial  areas 
(t.e.,  in  the  width  of  the  muscle  columns)  in  the  sections  of  the 
fibres  in  the  contracted  and  in  those  in  the  extended  states.  The 
increase  in  the  area  of  the  cross-section  of  a  fibre  which  accom- 
panies contraction  seems  then  to  be  wholly  due  to  the  increase 
in  width  of  the  muscle  columns,  the  central  core  being 
lengthened  out  in  the  cross-section,  when  it  has  a  simple  linear 
character,  and  becoming  more  complex  and  branched  when  it 

has  the  > <  shape,  or  some  modification  of  it,  in  the 

extended  state.  The  columns,  then,  do  not  increase  in  width 
during  contraction,  but  only  in  thickness ;  and  this  fact  seems  to 
me  to  support  very  strongly  the  view  of  their  structure  adopted 
here.  For  if  they  were  bundles  of  smaller  elements,  the  sarco- 
styles  of  Schafer,  or  of  fibrillse,  as  maintained  by  v.  Kolliker 
and  Bollett,  or  were  of  contractile  protoplasmic  substance,  then 
it  might  fairly  be  expected  that  during  contraction  each 
diameter  of  the  cross-section  of  the  columns  should  be  increased 
in  proportion  to  its  length.  But  if  the  structure  of  the  columns 
be  anything  like  that  ascribed  to  them  above,  then,  as  I  have 
already  pointed  out,  the  bulging  outwards  of  the  side  walls  is 
almost  certainly  due  to  a  fluid  pressure  exerted  upon  them  from 
within  the  columns,  be  the  origin  of  this  pressure  what  it  may. 
The  tendency  to  increase  in  thickness  must  then  be  greater 
than  the  tendency  to  increase  in  width  in  the  same  proportion, 
as  the  area  of  the  side  walls  is  greater  than  the  area  of  the 
narrow  end-walls  of  the  segments  of  the  columns. 


THE  STRUCTUBE  OF  CROSS-STRIATED  MUSCLE.  545 

This  observation  also  supports,  in  some  measure,  the  view 
of  the  inextensible  character  of  the  a  septum  and  the  interpreta- 
tion of  its  apparent  increase  in  width  during  contraction  that 
was  given  above.  For  the  fact  that  there  is  no  perceptible 
increase  in  its  long  axis  during  contraction  seems  to  render 
probable  the  view  that  there  is  none  in  its  short  axis,  and  that 
it  really  is  a  practically  inextensible  membrane.  Then,  since 
the  a  discs  of  the  wing-muscle  fibrils  are,  as  we  have  seen, 
analogous  in  so  many  respects  to  the  a  septa  of  these  muscle 
columns,  the  view  of  the  structure  and  function  of  the  latter  set 
down  above  also  derives  support  from  this  observation. 

Some  difficulties. 

There  are  two  closely  connected  facts  in  the  histology  of  these 
muscle  fibres  which  are  difficulties  in  the  way  of  the  acceptance 
of  this  view  of  the  structure  of  the  muscle  columns: — firstly, 
the  narrow  radial '  areas  of  Cohnheim '  of  the  cross-section  have 
often  been  represented  broken  up  into  smaller  areas;  and 
secondly,  there  may  easily  be  teased  out  from  the  fibres  after 
treatment  with  strong  alcohol  or  chromic  acid,  fine  thread-like 
strips,  the  so-called  fibrillse.  The  former  fact  may,  I  think,  be 
readily  explained.  Van  Oehuchten  (3)  has  pointed  out  and 
illustrated  by  drawings  how  rough  treatment  of  fibres  destroys 
the  regularity  of  the  appearance  of  the  cross-section,  causing 
the  narrow  radial  'areas  of  Cohnheim'  to  be  replaced  by 
irregular  polygonal  areas.  My  own  preparations  also  indicate 
that,  the  more  successful  the  preparation,  the  more  regular  is 
the  appearance  of  the  cross-section  and  the  fewer  are  the 
number  of  *  areas  of  Cohnheim '  which  are  interrupted  in  their 
course  from  the  core  to  the  periphery  of  the  fibre.  In  sections 
cut  with  the  freezing  microtome  from  living  or  steamed  fibres, 
or  from  fibres  fixed  with  formaline  and  carefully  handled,  it  is 
unusual  to  see  any  section  of  a  muscle  column  which  does  not 
run  uninterruptedly  from  the  core  to  the  periphery.  Eemem- 
bering  that  the  radial  walls  of  the  muscle  columns  are  delicate 
membranes  between  layers  of  fluid  or  viscid  substance,  it  is 
easy  to  see  that  pressure  upon  the  side  of  the  fibre  may  cause 
them  to  deviate  from  the  straight  course.    In  many  transverse 
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sections  it  can  be.  seen  that  the  lines  of  these  walls  run  in  a 
wavering  or  zigzag  manner,  though  remaining  distinct  from  one 
another,  and  any  increase  in  this  irregularity  must  cause  them 
to  come  into  contact  with  one  another  at  some  points,  and  so 
cause  the  '  areas  of  Gohnheim '  to  appear  to  be  broken  up  into 
smaller  areas. 

The  splitting  up  of  the  columnB  into  fibrillae  seemed  at  first  more 
difficult  to  reconcile  with  the  view  of  the  structure  of  muscle  that  I 
am  trying  to  establish.  For  the  existence  of  the  fibrillae,  as  upheld 
by  von  Kblliker  (5),  in  the  living  muscle  columns,  seems  incompatible 
with  the  presence  of  transverse  septa  tying  the  walls  together.  Rollett, 
in  treating  of  this  question,  says : — "  Aus  der  vorangeheuden  Darstel- 
lung  ergibt  sich,  dass  die  Praeformation  der  Muskelsaiilchen  im 
lebenden  Muskel  eine  streng  zu  erweisende  Thatsache  ist  Anders 
verhalt  es  sich  mit  den  Fibrillen.  Die  Annahme,  dass  diese  letzteren 
praeformirt  sind,  kann  sich  vorlaiifig  nur  auf  WahrscheinlichkeitsgriiD- 
den  atiitzen  "  (2.  II.  p.  28).  He  points  out  that  the  breaking  up  into 
fibrillae  after  treatment  with  alcohol  or  chromic  acid,  and  the  longitud- 
inal striae  on  the  muscle  columns,  are  the  only  facts  in  favour  of  the 
view.  In  a  great  number  of  careful  cross-sections  which  he  made  of 
living  muscle  of  different  kinds,  he  found  no  indication  of  the  exist- 
ence of  fibrillae,  though  in  some  cross-sections  of  muscles  treated  with 
alcohol  there  were  such  indications.  Betzius  (4)  is  led  by  his  prepar- 
ations to  believe  in  the  existence  of  the  fibrillse,  but  admits  that  an 
interfibrillar  substance  has  never  been  demonstrated.  Schafer  (1), 
who  first  put  forward  this  *  sarcomere  view  *  of  the  structure  of  muscle, 
definitely  gives  up  the  fibrillse.  His  view  of  the  structure  of  the 
muscle  columns  differs  from  mine  in  that  he  believe^  that  each  one 
consists  of  several  sarcostyles  strictly  analogous  to  those  of  the  wing 
muscles,  placed  side  by  side.  But  his  reasons  for  adopting  this  posi- 
tion are  very  slight ;  they  consist  in  the  observation  of  certain  obUque 
irregular  faint  lines  crossing  the  ^  areas  of  Cohnheim'  in  preparations 
which  had  been  more  or  less  deformed. 

On  carefully  comparing  the  thickness  of  muscle  columns 
fixed  with  chromic  acid  with  their  thickness  in  living  fibres,  it 
is  evident  that  they  are  laterally  shrunken  to  little  more  than 
half  their  normal  thickness, — cp.  photos.  22  and  35  with 
photos.  23  and  36, — ^just  as  is  the  case  with  the  wing  fibrils, 
and  there  can  be  little  doubt  that  a  similar  shrinkage  occurs  in 
their  radial  width.  The  length  of  the  segments  is  practically 
unaffected.  Photographs  21  and  24  show  that  the  shrinkage 
is  accompanied  by  the  appearance  of  longitudinal  wrinkles  or 
folds  in  the  walls  of  the  columns,  and  photo.  36  shows 
that  these  foldings  are  very  fairly  regular  and  of  considerable 
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depth,  80  that  both  surfaces  of  a  column  are  marked  by  closely 
set,    parallel,    longitudinal    grooves.    Bemembering    that    the 
muscle  columns  are,  after  fixation  with  chromic  acid,  very  thin 
brittle  lamellae,  it  seems  not  unlikely  that  these  grooves  may 
determine  the  breaking  off  of  thin  strips,  the  so-called  fibrillae. 
That  this  is  actually  the  case  is,  I  think,  proved  by  the  effect  of 
adding  formic  acid  to  the  chromic  acid  solution  used  for  fixing. 
Formic  acid  in  weak  solution  causes  the  muscle  columns  of 
living  or  steamed  fibres  to  swell  out  rapidly.    If  formic  acid  be 
added  to  the  '2  per  cent  chromic  acid  solution  until  there  is 
present  from  1-5  to  2  per  cent,  of  formic  acid,  and  fibres  be  fixed 
by  immersion  in  this  mixture  for  twenty-four  hours,  the  shrink- 
age caused  by  chromic  acid  alone  may  be  exactly  compensated 
for.    In  a  longitudinal  view  of  fibres  it  can  be  Seen  that  the 
columns  retain  their  normal  thickness  (photo.  20),  and  in  trans- 
verse sections  the  plane  of  separation  between  sarcoplasm  and 
columns  is  an  even  line,  just  as  in  photo.  35,  and  muscle  columns 
isolated  by  teasing  show  no  longitudinal  wrinkles  (photos.  26  and 
30).     In  preparations  of  fibres  fixed  with  chromic  acid  and 
teased  there  always  occur  numerous  fibrillae  as  well  as  parts  of 
isolated  columns,  while  in  teased  preparations  of  fibres  fixed 
with   the   chromic  and  formic  mixture   there  occur    isolated 
muscle  columns  (photos.  26  and  30),  but  in  the  more  successful 
preparations  no  fibrillae,  and   in   less  successful  only  a   few 
fibrillae. 

To  the  question  "  Are  there  any  smaller  longitudinal  elements 
making  up  the  muscle  column  ? "  I  shall  return,  but  I  think 
that  it  now  appears  highly  probable  that  the  muscle  column  is 
strictly  analogous  in  structure  and  function  to  the  sarcostyle  of 
the  wing  muscle,  and  may  also  be  properly  called  a  sarcostyle, 
and  that  its  segments  are  the  contractile  units,  and  may  be 
called  sarcomeres  in  the  same  sense  as  those  of  the  wing-muscle 
sarcostvles. 

I  have  not  been  able  to  obtain  direct  evidence  of  the  existence 
of  the  septa  B  and  3  in  the  sarcomeres  of  this  type  of  muscle ; 
and  the  probability  of  their  actual  existence  must,  for  the 
present,  remain  such  as  is  afforded  by  the  inferences  drawn 
above  from  the  changes  in  shape  exhibited  by  the  sarcomeres 
during  contraction,  and  by  the  close  analogy  in  all  other  points 
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between  these  sarcomeres  aud  those  of  the  wing  muscles  of 
insects,  and  of  the  skeletal  muscles  of  the  crayfish;  for  I  shall 
bring  forward  below  direct  evidence  of  the  presence  of  such  septa 
in  the  latter  muscles. 


Comparison  of  the  above  account  of  the  Leg  Muscles  of  Dytiscus 
with  the  descriptions  of  recent  Observers. 

BoUett  (2)  gives  diagrams,  based  upon  the  study  of  many  kinds  of 
insect  muscles  after  treatment  with  reagents,  representiug  the  typical 
forms  of  cross-striation.  And  since,  as  be  points  out,  what  appears 
dark  at  one  focus  appears  light  at  a  slightly  deeper  focua,  and  vice 
versa,  he  gives  two  diagrams  side  by  side,  representing  two  slightly 
different  foci.  Fig.  15  is  a  rough 
copy  of  his  first  diagram  (2.1.  fig. 
5  A)  of  the  typical  cross-striation 
in  the  extended  state.  It  will  be 
seen  that  this  corresponds  to  the 
appearance  that  I  have  described  as 
characteristic  of  stage  B  in  the  leg 
muscle  of  Dytiscus,  the  three  trans- 
verse rows  of  dots  of  sarcoplasm 
being  optically  fused  to  the  three 
bands  J  h  Jy  the  line  a  being 
doubled,  as  it  always  is  when 
slightly  out  of  focus.  BoUett's 
third  diagram  (2.1.  fig.  5  C),  of  a 
more  contracted  state  of  the  fibre, 

seems  to  represent   what   I  have        RoUett's  lett^rinVon  the  left,  my 
called  stage  C,  the  sarcoplasm  bemg  own  on  the  right, 

mostly  accumulated  opposite  the 

middles  of  the  sarcomeres,  through  the  action  of  alcohol,  and  the 
longitudinal  alternation  of  muscle  columns  and  planes  of  separation 
with  the  sarcoplasmic  accumulations  not  being  distinguished,  but  the 
masses  of  sarcoplasm  being  optically  fused  to  dark  transverse  bands. 
Bollett  describes  as  very  common  in  acid  and  gold  preparations  a  dis- 
tribution of  the  sarcoplasm  such  as  I  have  described  as  characteristic 
of  stage  C  (photo.  29).  He  calls  the  rows  of  dots  of  sarcoplasm  at  a 
*Knotenreiheu'  of  the  first  order,  and  those  at  /)  '  Knotenreihen '  of  the 
second  order.  He  mentions  that  Betzius  has  described  '  Knotenreihen ' 
of  a  third  order,  alternating  with  these.  These  seem  to  be  the  sarco- 
plasmic accumulations  at  8  8  in  stage  B.  (Cp.  plates  in  which  the 
appearance  characteristic  of  stage  B  is  represented  by  Betzius  (4). 
He  adds  that  in  specially  good  preparations  he  has  himself  seen  them, 
and  that  in  such  cases  the  '  Rnoten '  of  the  first  and  second  orders  are 
smaller  than  when  those  of  the  third  order  are  absent.  But  he  regards 
the  appearance  as  very  rare.    This  probably  results  from  his  having 
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tlirowa  whole  beetles  inUt  his  reagents  and  separated  the  muscles  after- 
wards, when  they  are  naturally  found  fairly  well  contracted  in  almost 
all  cases. 

As  the  result  of  his  study  of  the  cross-striation  of  acid  and  alcohol 
preparations,  RoUett  concludes  that  in  the  living  state  the  muscle 
columns  and  the  lines  of  sarcoplasm  between  them  run  continuously 
through  the  length  of  the  fibre  without  variations  in  thickness,  and 
that  the  cross-striation  is  determined  by  differences  in  the  optical 
qualities  of  the  muscle  columns  at  different  levels.  He  believes  that 
the  regular  thickenings  on  the  muscle  columns,  and  the  consequent 
accumulation  of  the  sarcoplasm  in  '  Knoten '  at  the  intermediate  levels, 
is  entirely  a  result  of  the  action  of  acid,  the  columns  swelling  more  at 
certain  parts  than  at  others  (2.1.  S.48),  I  have  no  hesitation  in  saying 
that  this  conclusion  is  very  far  from  true,  since,  as  I  have  shown  above, 
the  thickenings  on  the  muscle  columns  and  the  accumulations  of  sarco- 
plasma  are  visible  in  the  living  hbres,  and  during  contraction  go 
through  a  perfectly  definite  and  regular  series  of  changes. 

Van  Oehuchten  (3)  has  given  a  great  number  of  drawings  of  the 
appearances  of  different  kinds  of  muscle  after  treatment  with  alcohol 
or  acids.  I  have  already  pointed  out  that  strong  alcohol  causes  the 
sarcomeres  to  shrink  at  their  middles,  presumably  by  extracting  water, 
80  that  the  thick  resistant  septa  a  remain  the  broadest  parts  of  the 
sarcostyles.  Alcohol  therefore  tends  to  make  the  sarcoplasm  accumu- 
late at  the  levels  intermediate  to  the  lines  a :  this  is  often  found  to  be 
the  result,  though  the  action  is  very  inconstant, — the  normal  distribu- 
tion for  the  state  of  contraction  being  sometimes  preserved.  Van 
Gebuchten's  drawings  faithfully  represent  these  effects  of  alcohol: 
when  the  sarcoplasm  is  accumulated  between  the  shrunken  sarcomeres 
he  speaks  of  '  batonnements '  on  the  longitudinal  strands  of  his 
*  contractile  network,'  and  believes  that  they  are  produced  by  a  precipi- 
tation of  matter  on  these  parts  from  the  fluid  ^enchylema.'  Acids 
tend  to  cause  the  sarcomeres  to  swell  (as  I  have  already  mentioned), 
and  the  sarcoplasm  to  be  displaced  from  between  the  middies  of  the 
sarcomeres  and  to  accumulate  at  the  levels  of  the  discs.  As  van 
Gehuchten  points  out,  the  action  of  acids  is  very  inconstant,  and  seems 
to  vary,  as  might  be  expected,  with  the  preliminary  treatment.  Thus, 
for  instance,  Melland  (9)  seems  to  have  put  the  muscle  into  lemon  juice 
always  in  the  first  stages  of  his  gold  preparations,  with  the  result,  as 
might  be  expected,  that  the  sarcoplasm  was  very  frequently  accumu- 
lated at  the  levels  a. 

I  have  made  many  preparations  by  the  ordinary  acid  and 
gold  methods.  lu  some  cases  the  normal  distribution  of  the 
sarcoplasm  is  maintained,  and  I  believe  that  all  the  abnormal 
appearances  are  readily  explicable  as  the  result  of  the  swelling 
action  of  the  acid  on  the  muscle  columns  in  diiferent  stages  of 
contraction.  For  example,  one  of  the  most  peculiar  appearances 
that  I  have  come  across  in  such  preparations  was  due  to  the 
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arrangement  of  the  sarcoplasm  in  dumb-bell  shaped  masses  at 
the  levels  a.  This  was  in  a  preparation  very  much  swollen  by 
formic  acid :  it  seems  to  have  been  produced  by  the  bulging  out 
of  the  sarcomeres  driving  the  8ai*coplasm  to  the  levels  a,  and 
the  subsequent  swelling  of  the  thick  septa  a  themselves;  the 
accumulations  of  sarcoplasm  being  nipped  between  the  ends  of 
the  expanding   septa  (see    fig.    16).      Van    Gehuchten's  and 

RoUett's  drawings  represent 
faithfully  many  of  the  various 
appearances  produced  by  these 
reagent& 

There  can  be  no  doubt  that 
the  transverse  line  generally 
known  as  'Krause's  mem- 
brane,' *  stria  of  Amici,'  or 
*  Dobie's  line/  corresponds  to 
the  line  formed  at  the  level  a 
by  the  optical  fusion  of  the 
lines  a,  and  the  sarcoplasmic 
accumulations  between  them 
at  the  same  level.  But  I  have  preferred  to  use  a  concise  and 
consistent  nomenclature  for  the  dififerent  parts,  rather  than  to 
make  use  of  names  given  to  parts  somewhat  loosely  before 
they  had  been  accurately  distinguished  and  defined. 

I  have  never  been  able  to  understand  exactly  what  is  meant 
by  the  term  * Nebenacheibe '  or  'accessory  disc/  as  used  by 
various  authors.  It  is  the  name  generally  given  to  transverse 
lines  described  as  lying  on  either  side  of  '  Erause's  membrane/ 
and  of  extreme  inconstancy  in  appearance.  It  seems  probable 
that  they  are  due  to  the  optical  fusion  of  the  sarcoplasmic 
accumulations  at  y  and  y  in  fibres  in  stage  B  of  contraction. 


Fig.  16 
(cp.  photo.  81). 


On  (he  Structure  of  the  Somatic  Muscles  of  the  Frog  and  Mammal, 

Before  the  above  conclusions  as  to  the  structure  of  the  leg 
muscles  of  the  beetle  can  be  accepted  as  well  established,  it 
must  be  shown  that  the  muscles  of  other  and  widely  di£ferent 
animals  have  an  essentially  similar  structure.  For  it  se^ms, '  a 
priori,'  highly  probable  that  all  cross-striated  muscles  are  funda- 
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mentally  of  the  same  nature.  I  have  therefore  examined  the 
muscles  of  the  frog  and  rat,  using  the  same  methods  as  in  my 
previous  investigations.  I  have  used  the  *sartorius'  and  the 
stemo-cutaneous  muscles  of  the  frog,  choosing  the  former 
because,  ovnxig  to  the  simple  longitudinal  arrangement  of  its 
fibres,  the  degree  of  their  contraction  can  be  readily  recognised, 
and  the  latter,  on  account  of  their  small  size ;  and  in  the  case  of 
the  rat,  I  have  used  the  thin  sheets  of  muscle  in  the  wall  of 
the  belly.  I  found  that  the  appearances  presented  by  surface 
views,  or  longitudinal  sections,  or  isolated  muscle  columns  are 
so  nearly  identical  in  the  muscles  of  these  two  animals  that  one 
description  of  them,  and  one  series  of  photographs  illustrating 
the  appearances  of  the  various  stages  of  contraction,  will  apply 
equally  well  to  both.  The  appearances  presented  by  the  Kving 
muscle  fibres  of  the  frog  or  mammal  may  be  shortly  summed 
up  by  saying  that  they  are  identical  with  those  presented  by 
the  fibres  of  the  leg  muscles  of  Dytiscus.  In  each  of  the  stages 
of  contraction,  A,  B,  C,  D,  as  determined  both  by  the  length  of 
the  whole  muscle  and  by  the  measurement  of  the  intervals  at 
which  the  lines  a  occur,  the  fibre  presents  an  appearance 
identical  with  that  described  for  the  same  stage  of  the  leg 
muscle  of  Dytiscus,  and  the  transition  may  be  traced  from  a 
part  in  one  stage  to  neighbouring  parts  of  the  same  fibre  in 
other  stages  of  contraction  in  exactly  the  same  way. 

Photoa  37,  38,  42,  44,  some  of  which  were  taken  from 
fibres  simply  fixed  by  the  application  of  a  jet  of  steam  to 
the  cover-glass,  and  others  from  fibres  fixed  with  formaline  and 
stained  with  logwood,  illustrate  all  the  stages  of  contraction 
from  A  to  D.  As  will  be  noticed  on  comparing  these  photo- 
graphs with  the  photographs  taken  from  fibres  oE  the  leg  muscle 
of  Dytiscus  in  the  corresponding  stages  of  contraction,  the 
structure  of  the  muscle  of  the  frog  and  of  the  rat  is  on  a  smaller 
scale  than  the  other,  and  this  is  the  oaly  difference  that  is 
presented  in  the  longitudinal  aspect  of  the  fibres  by  the  striated 
substance  of  the  living  muscles  of  these  members  of  these  widely 
separated  classes.  In  the  fully  extended  state  of  the  frog's 
and  manmiars  muscle,  i,e,y  stage  A,  the  lines  a  are  at  intervals 
of  only  3  ;t  in  the  great  majority  of  the  preparations  that  I 
have  made,  while  in  the  Dytiscus  muscle  they  are  at  intervals 
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ot  5  fi]  and  in  all  the  stages  of  contraction  of  the  muscle  of  the 
frog  and  rat,  they  are  at  correspondmgly  smaller  intervals. 
In  the  fully  ex^nded  state,  the  longitudinal  lines  of  sarcoplasm 
occur  at  intervals  of  about  1  /a  on  the  mid  line  of  the  surface  of 
the  fibre,  and  in  stage  B  the  planes  of  separation  of  the  muscle 
columns  are  at  slightly  greater  intervals.  The  width  of  the 
musoie  columns  is  therefore  1  /i,  or  slightly  less.  The  optical  sec* 
tion  of  each  segment  of  a  muscle  column  in  stage  A  is  therefore 
an  area  3  fi  long  by  sUghtly  less  than  1  /x  across,  while  the  cor- 
responding measurements  in  t^e  Dytiscus  muscle  are  5  /i  x  1*4  /t. 
The  proportions  are  therefore  practically  identical  in  the  two 
cases.  But,  just  as  the  structure  is  not  equally  coarse  in  all 
fibres  of  the  beetle's  leg  muscles,  so  also  in  the  frog  and  rat 
there  are  found  occasionally  fibres  in  which  the  absolute 
measurements  of  the  parts  are  slightly  smaller  or  greater  than 
in  the  typical  fibre  of  averagely  coarse  structure.  Thus  the 
structure  seems  to  be  rather  finer  than  usual  in  the  fibre  shown 
in  {^oto.  37,  and  rather  coarser  in  the  fibres  of  photos.  41  and 
42.  But  the  important  fact  is,  that  the  proportion  of  parts  to 
one  another  is  the  same  in  all  these  fibres,  and  is  the  same  as 
in  the  beetle's  leg  muscles. 

This  close  correspondence  in  the  appearances  presented  by 
the  longitudinal  aspect  of  fibres  of  the  frog's  and  rat's  muscle  on 
the  one  hand,  and  of  the  leg  muscles  of  the  beetle  on  the  other, 
having  been  described  and  illustrated,  it  remains  to  produce 
evidence  of  a  similar  correspondence  in  other  points,  and  to 
show  that  the  former  muscles  consist,  like  the  latter,  of  lamellar 
sarcostyles.  And  though  the  study  of  these  muscles,  and 
especially  of  transverse  sections  of  them,  is  very  much  more 
diflScult,  there  is  forthcoming  evidence  on  this  last  point  of 
exactly  the  same  kind  as  in  the  case  of  the  beetle's  leg  muscles. 

In  the  first  place,  the  lines  of  stained  substance  in  a  fibre 
in  stage  A  are  proved,  by  careful  focussing,  to  be  the  optical 
sections  of  thin  planes  or  sheets  of  sarcoplasm  lying  between 
unstained  muscle  columna 

Secondly,  there  may  be  isolated  from  fibres  fixed  with 
chromic  acid,  or  the  mixture  of  chromic  and  formic  acids, 
delicate  laminsp.  less  than  1  /ul  thick,  which  exhibit  all  the 
features  described  above  in  the  isolated  sarcostyles  of  the  beetle's 
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leg  muscles.  Photos.  40  and  43  are  from  such  laminae,  and  show 
the  cross-striation  characteristic  of  a  late  B  stage  and  the  C 
stage  respectively. 

Thirdly,  on  cutting  with  the  ether  microtome  transverse  sec- 
tions of  the  living  muscle  fibres  frozen  in  a  drop  of  white  of  egg, 
as  recommended  by  Eollett,  or  of  fibres  fixed  by  steam  or  for- 
maline, it  is  found  that  the  transverse  section  presents  long, 
narrow,  clear  areas,  sections  of  the  muscle  columns,  separated 
from  one  another  by  darker  lines^,  which  stain  with  logwod,  and 
are  the  expression  of  the  sheets  of  sarcoplaam  between  the 
muscle  columns.  In  sections  of  frog's  muscle  fibres  these  areas 
radiate  occasionally,  though  rarely,  from  a  central  narrow  area, 
so  that  the  appearance  of  the  transverse  section  closely  re- 
sembles that  of  the  beetle's  leg  muscle,  but  generally  the  areas 
run  across  the  whole  width  of  the  fibre,  or  may  be  arranged  in 
two  or  more  systems  of  parallel  areas  (photos.  47  and  49).  In 
transverse  sections  of  fibres  of  mammalian  muscle,  the  parallel 
areas  are  more  variously  arranged  in  more  numerous  systems, 
each  one  of  the  systems  being  the  transverse  section  of  a  bundle 
of  lamellar  muscle  columns  packed  side  by  side  (photos.  45 
and  46).  In  teased  preparations  of  fibres  fixed  with  chromic 
acid  there  occur,  besides  parts  of  isolated  muscle  columns, 
numerous  *  fibrillse,'  as  in  the  case  of  the  beetle's  leg  muscles. 
The  formation  of  these  seems  to  be  due  here  also  to  the  longi- 
tudinal wrinkling  of  the  walls  of  the  muscle  columns,  produced 
by  the  shrinking  action  of  the  chromic  acid.  This  wrinkling  is 
shown  in  photo.  48,  which  represents  part  of  a  transverse 
section  of  a  fibre  fixed  with  chromic  acid.  Here,  too,  it  may  be 
obviated  by  the  addition  of  formic  acid  to  the  extent  of  2  per 
cent,  to  the  chromic  acid  used  for  fixing  the  muscle ;  and  from 
fibres  in  which  this  is  successfully  effected  there  may  be  teased 
out  parts  of  isolated  muscle  columns  without  the  separation  of 
any  fibrillse,  while  transverse  sections  show  even  lines  of  separa- 
tion between  sarcoplasm  and  muscle  columns. 

There  can^.then,  be  little  doubt  that  the  structure  of  these 
muscles  is  essentially  similar  to  that  of  the  leg  muscles  of  the 
water-beetle,  and  that  the  fibres  consist  of  lamellar  muscle 
columns  or  sarcostyles  embedded  in  sarcoplasm,  and  that  the 
segments  of  the  columns  or  sarcomeres  are  in  every  point  very 
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similar  to  those  of  the  beetle's  leg  muscleSi  and  closely  analo- 
gous to  the  sarcomeres  of  the  insect's  wing  muscles. 

It  is  necessary  to  add,  that  in  transverse  sections  of  these 
muscles,  more  especially  of  the  frog's,  there  can  sometimes  be 
seen  fine  lines  crossing  the  narrow  areas,  the  section  of  the 
muscle  columns,  at  fairly  regular  intervals,  but  these  are  not 
lines  of  sarcoplasm;  and  though  they  may  indicate  that  the 
muscle  columns  have  some  kind  of  longitudinal  septa,  they  can- 
not be  considered  to  constitute  any  objection  to  the  view  that 
the  lamellar  columns  are  the  physiological  elements  or  sarco- 
styles,  in  the  same  sense  as  the  fibrils  of  the  insect's  ¥dng 
muscle.  That  the  true  picture  of  the  transverse  section  of 
these  muscles  is  not  obtained  with  constancy  by  all  the 
ordinary  methods  is  not  a  matter  for  surprise  when  we  remem- 
ber  that  various  authors  have  depicted  the  transverse  section 
of  fibres  of  the  leg  muscle  of  Dy tiscus  even  as  made  up  of 
irregular  long  ovals,  and  even  more  or  less  polygonal  areas 
(which  appearances  are  undeniably  the  result  of  the  treatment 
that  the  fibres  have  suffered);  and  further,  that  the  parts  of 
the  muscles  of  the  frog  and  mammal  are  scarcely  more  than 
one-haP  as  large  as  the  corresponding  parts  of  the  beetle's 
leg  muscle,  and  are  probably  correspondingly  more  delicate 
and  more  easily  deformed. 

On  the  Structure  of  the  Skeletal  Muscles  of  the  Crayfish 

(Astacus  fluviatilis). 

The  appearance  presented  by  transverse  sections  of  the 
muscles  of  the  crayfish  prepared  by  any  of  the  ordinary 
methods  is  well  known  from  the  drawings  and  descriptions  of 
van  Qehuchten  and  other  authors.  The  sections  usually  present 
large  areas,  divided  into  polygons  of  very  various  sizes  and  shapes, 
in  different  preparations,  or  even  in  different  parts  of  the  same 
section,  though  sometimes  there  is  a  certain  degree  of  uniformity 
in  the  size  of  the  polygons.  I  could  not  at  first  isolate  longi- 
tudinal elements  from  the  living  musdes;  and  though  longi- 
tudinal elements  may  easily  be  teased  out  from  muscles  fixed 
with  alcohol  or  chromic  acid,  it  seemed  impossible  to  discover 
any  constancy  in  their  shape  and  size,  and  in  the  proportions 
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between  their  parta  It  therefore  seemed  as  though  these 
muscles  consist  of  great  masses  of  indescribable  substance, 
which,  after  the  action  of  reagents  upon  it,  splits  into  longi- 
tudinal elements,  not  corresponding  in  any  way  with  functional 
elements  of  the  living  fibra  But  it  was  poasible  to  make  out 
indications  of  varieties  of  cross-striation  corresponding  to  all 
those  characteristic  of  the  various  stages  of  contraction  of  the 
types  of  muscle  described  above,  and  I  therefore  felt  certain 
that  these  muscles  also  consist  of  longitudinal  elements  com- 
parable to  the  sarcostyles  of  those  muscles.  I  was  confirmed 
in  this  opinion  by  finding  that  it  is  easy  to  tease  out  from 
muscle,  taken  from  the  body  about  twelve  hours  after  the  death 
of  the  animal,  fibrils  which,  in  any  one  preparation,  are  usually 
of  uniform  size,  although  some  seem  to  be  destroyed  in  the 
process  of  teasing.  These  fibrils  are  very  delicate  and  obscure 
objects  when  examined  unstained  in  water  or  salt  solution,  and 
they  cannot  be  certainly  fixed  by  steam  and  stained  with  log* 
wood,  as  can  those  of  the  wing  muscles  of  insects.  Nevertheless, 
they  seemed  to  be  cylindrical,  and  to  present  many  points  of 
similarity  to  these  latter  fibrils. 

Transverse  sections  cut  from  the  muscle  frozen,  while  livix^, 
or  after  being  steamed,  in  a  drop  of  white  of  egg,  do  not  confirm 
the  pre-existence  of  cylindrical  fibrils,  and  for  some  time  I 
despaired  of  being  able  to  bring  these  muscles  into  line  with 
the  types  described  above.  But  it  was  noticeable  that,  on  cut- 
ting into  a  mass  of  the  muscle,  a  watery  fluid  escapes  in  some 
quantity,  and  afterwards  the  muscle  has  a  diminished  bulk.  It 
seemed,  therefore,  possible  that  the  muscle  consists  of  fibrils  sur- 
rounded by  a  watery  sarcoplasm,  which  contains  too  small  a 
percentage  of  albuminous  substances  to  be  coagulable  by  heat  or 
chemical  agents,  so  that,  as  soon  as  the  muscles  are  handled  in 
any  way,  the  fibrils  fall  together,  and  deform  one  another  by 
mutual  pressure.  I  therefore  attempted  to  replace  a  watery 
non-Goagulable  sarcoplasm  by  an  artificial  coagulable  sarcoplasm. 
Small  pieces  of  muscle  were  carefully  excised  and  transferred 
by  aseptic  methods  to  white  of  egg,  in  which  they  were  allowed 
to  soak  for  six  days,  the  vessel  containing  them  being  kept  in 
an  ice^hest  At  the  end  of  this  time  the  vessel  was  plunged 
into  water  at  a  temperature  just  below  boiling-point,  until  its 
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contents  were  coagulated  into  a  solid  mass.    The    pieces  of 
muscle  were  then  excised  from  the  mass  of  the  coagulum,  and 
transverse  sections  made  with  the  freezing  microtome  from  the 
parts  next   to  the  cut   surfaces.     Sections   prepared  by  this 
method  (see  photo.  57)  present  a  very  different  picture  to  that 
of  sections  made  without  the  soaking  in  white  of  egg.    They 
present  large  rounded  areas  about  100  /x  to  200  /a  across,  which 
are  the  sections  of   approximately  cylindrical  muscle  fibrea 
Filling  up  the  angular  spaces  between  the  sections  of  the  fibres 
is  the  finely  dotted  coagulum  of  egg  albumen.    The  sections  of 
the  fibres  are  made  up  of  small  circular  areas,  which  vary  in 
diameter  from  2-6  /x  in  different  preparations,  though  fairly 
uniform  in  any  one  fibre  (photos.  57  and  58).    They  are  so 
closely  set  as  almost  or  quite  to  touch  one  another,  and  in  some 
parts  they  may  be  slightly  flattened  against  one  another.    If 
such  sections  be  stained  on  the  slide  with  logwod,  each  of  these 
small  circular  areas  can  be  seen  to  be  bounded  by  a  fine  darkly - 
stained  line,  and  this  seems  to  be  the  expression  of  a  stained 
wall  of  the  fibril,  of  which  the  circular  area  is  the  transverse 
section.    The  substance  of  the  fibril  within  the  line  of  the  wall 
appears*  lightly  stained,  unlike  the  corresponding  substance  of 
th6  insect's  wing  fibrils.    It  appears,  then,  that  by  this  method  a 
waterj'  sarcoplasm  is  replaced  by  the  white  of  egg,  which  also 
replaces  a  thin  body-fluid  between  the  fibres,  and  this  white  of 
egg  being  coagulated  by  the  heat,  maintains  both  the  fibres  and 
their  fibrils  in  their  normal  space  relations,  so  that  deformation 
by  mutual  pressure  is  prevented.    This,  at  least,  is  the  interpreta- 
tion that  seems  most  probable,  and  we  shall  see  that  it  is  sup- 
ported by  other  observations. 

There  is  another  method  of  preparing  transverse  sections, 
showing  a  somewhat  similar  appearance,  which,  though  less 
satisfactory  than  the  method  just  described,  is  instructive. 
If  the  two  distal  segments  of  one  of  the  9th  pair  of  appendages 
constituting  the  large  claw  be  cut  off,  and  the  shell  containing 
the  muscles  which  move  the  terminal  segment  be  carefully 
opened  with  scissors  aloi^  either  border,  and  then  the  two 
pieces  of  the  shell  remaining  hinged  at  the  base  of  the  terminal 
segment  be  wedged  open,  like  the  valves  of  a  mussel-shell,  the 
muscle  fibres  within  are  stretched,  and  may  be  kept  in  a  fully 
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extended  state  by  putting  a  slip  of  cork  of  suitable  thickness 
between  the  edges,  of  the  valves.  If  the  muscle  fibres  be  then 
fixed  by  immersion  for  some  hours  in  chromic  acid  or  formaline, 
while  thus  strung  tensely  between  their  natural  attachments, 
and  transverse  sections  be  cut  with  the  freezing  microtome,  the 
sections  so  obtained  are  made  up  of  small  polygonal  areas, 
which,  in  the  section  of  any  one  fibre,  are  uniform  in  size.  If 
these  sections  be  then  kept  on  the  slide  soaking  in  25  per  cent, 
formic  acid,  they  begin  to  swell,  and  the  small  polygonal  areas 
lose  their  sharp  angles,  and  become  more  and  more  rounded, 
until,  in  the  most  successful  cases,  they  appear  after  some  days 
as  circular  areas,  corresponding  in  size  to  those  of  the  sections 
prepared  by  the  previous  method.  It  is  best  to  cut  these 
sections  rather  thick.  The  circular  shape  is  most  readily  pro- 
duced in  parts  of  torn  sections  of  fibres  at  the  periphery  of  the 
mass. 

If  slips  from  the  muscles  of  the  claw,  fixed  in  the  extended 
state  by  the  method  described  above,  be  finely  teased,  there  are 
found  numerous  isolated  segmented  fibrils.  The  fibrils  so 
obtained  are  not  uniform  in  width,  but  are  polygonal  in  cross- 
section.  Many  of  the  firbils  show  very  distinctly  an  appearance 
of  longitudinal  wrinkling  on  the  surface.  If  fibrils  teased  out 
in  this  way  be  kept  soaking  on  the  slide  in  25  per  cent,  formic 
acid  they  swell  slowly,  until,  after  one  or  more  days^  they  become 
cylindrical.  In  my  most  successful  preparations  by  this  method, 
every  one  of  great  numbers  of  isolated  fibrils  present  a  complete 
uniformity  in  size,  shape,  and  general  appearance.  In  prepara- 
tions of  the  flexor  muscles  of  the  abdomen  prepared  by  a  slight 
modification  of  this  method  the  size  of  the  fibrils  is  usually 
uniform,  but  in  preparations  of  the  claw  muscles  at  least  two 
well-marked  classes  of  fibrils  can  be  distinguidied  by  their 
difference  in  size,  and  I  shall  call  these  the  large  and  small 
fibrils  respectively.  They  are  about  37  /*  and  24  /£  in  diameter. 
When  unstained,  these  fibrils  are  very  obscure  objects,  since 
their  refractive  power  is  low.  Nevertheless,  it  can  be  made  out 
that  they  are  crossed  at  regular  intervals  by  dark  lines,  each  of 
which  has  on  either  side  of  it  a  faint  halo  of  light  (phota  &0X 
These  lines  occur  on  the  large  fibrils  at  intervals  of  7  /x,  and  on 
the  small  at  intervals  of  4*5  fi.    In  some  fibrils  a  faint  trans- 
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verse  line  can  be  seen  midway  between  each  pair  of  the  well- 
marked  lines,  and  about  it,  too,  there  is  a  faint  suggestion  of  a 
halo.  As  I  shall  show,  these  seem  to  be  the  expression  of 
transverse  discs,  comparable  in  every  way  to  the  a  and  fi 
discs  of  the  insect's  wing  fibrils.  Fibrils  prepared  in  this  way 
can  be  stained  with  logwood,  though  the  staining  is  very  slow, 
and  some  hours  of  soaking  in  Ehrlich's  hematoxylin  are  re- 
quired to  produce  a  deep  staining.  The  staining  brings  out 
very  strongly  the  close  resemblance  between  these  fibrils  and 
those  of  the  insect's  wing  muscles.  The  a  discs  always  appear 
darkly  stained,  and  the  walls  of  the  fibrils  faintly  stained  (photo. 
49),  so  that  the  longitudinal  wrinkles  of  the  wall  are  generally 
brought  out  more  plainly. 

The  longitudinal  wrinkles  in  the  large  fibrils,  shrunken  by 
the  action  of  chromic  acid,  are  very  marked  all  through  the 
length  of  the  fibrils.  But  those  which  have  been  restored  to 
their  normal  diameter  by  the  action  of  formic  acid  show  a 
separate  set  of  wrinkles  in  the  wall  of  each  segment,  which,  just 
like  those  in  the  sarcomeres  of  the  insect's  wing  muscle,  are 
most  marked  at  the  middle,  and  fade  away  towards  the  ends  of 
the  segment.  They  are  sometimes  visible,  though  less  marked 
in  the  B  and  C  stages.  It  is  just  possible  to  make  them  out  in 
fibrils  teased  out  frpm  the  muscles  twelve  hours  after  the  death 
of  the  animaL  In  many  fibrils  there  are  also  stained  in  each 
segment  three  equidistant  transverse  lines,  which  correspond 
exactly  in  position  with  the  lines  y  /8  y  of  the  insect's  wing 
fibrils,  and  are  probably,  like  them,  the  expression  of  three 
transverse  discs  at  these  levels,  since  they  are  not  merely  surface 
markings,  but  are  visible  at  all  foci  in  the  thickness  of  the  fibril 
(photos.  51  and  53).  The  only  difference  between  the  appear- 
ance of  these  fibrils  and  those  of  the  insect's  wing  muscle  is,  that 
the  lines  y  and  y  usually  appear  in  the  former  equally  well 
marked  with  the  /3  lines,  whereas  in  the  latter  they  are  usually 
less  well  marked  (cp.  photo.  53  and  photo.  11). 

On  comparing  the  photographs  of  the  two  kinds  of  fibrils, 
and  the  dimensions  of  their  segments  in  this  fuUy  extended 
cylindrical  state,  as  given  above,  we  see  that  in  both  large  and 
small  fibrils  of  the  crayfish  muscle  the  relation  of  the  length 
of  the  segments  to  their  diameter  is  exactly  the  same  as  in  the 
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fibrils  of  the  insect's  wing  muscle.  Then,  if  the  a  disc  is  inex- 
tensible,  and  the  y  and  /3  discs  are  extensible  and  elastic,  but  j8 
less  easily  extensible  than  y  and  y,  the  segments  of  these  fibrils 
present  mechanical  conditions  exactly  similar  to  those  which  I 
have  tried  to  prove  to  exist  in  the  sarcomeres  of  the  insect's 
wing  muscle. 

Photo.  52  shows  the  appearance  of  muscle  made  up  of  large 
fibres  '  en  masse '  in  the  stage  A.  Longitudinal  dislocation  of 
the  fibrils  is  very  common  in  all  stages,  and  this  and  the  follow- 
ing photographs  of  the  muscle  '  en  masse '  were  purposely  taken 
from  parts  showing  considerable  dislocations,  for  in  them  indi- 
vidual fibrils  can  be  distinguished  most  readily.  The  teased 
preparation  from  which  this  photograph  was  taken  was  made  by 
fixing  a  mass  of  fresh  UMiscle  from  the  claw  with  gold  chloride, 
and  reducing  the  gold  by  soaking  in  25  per  cent,  formic  acid  in 
the  usual  way :  in  many  cases  the  soaking  in  acid  restores  the 
fibrils  to  their  normal  shape,  and  from  masses  stained  in  this 
way  fibrils  may  be  isolated,  showing  the  outlines  characteristic 
of  all  the  stages  of  contraction.  In  such  preparations  there  is 
only  a  very  little  red-stained  substance  which  seems  to  be 
9  scanty  coagulum  from  the  watery  sarcoplasm,  and  is  deposited 
chiefly  between  the  constricted  parts  of  the  fibrils.  The  fibrils 
seem  to  be  very  sJlightly  contracted,  so  that  there  are  indica^ 
tions  of  three  darMy-stained  bands  on  some  of  the  segments, 
and  these  are  probably  caused  by  deposits  of  sarcoplasm  at 
slight  constrictions,  due  to  the  discs  y,  y,  and  ^3. 

This  exact  correspondence  in  detail  of  the  two  kinds  of  fibril 
in  the  fully  extended  state,  stage  A,  is  exhibited  also  in  the 
various  stages  of  contraction  of  the  fibrils.  There  may 
fi-equently  be  found,  among  the  fully  extended  fibrils,  fibrils 
in  an  early  stage  of  contraction,  corresponding  to  the  j3  stage  of 
the  muscles  already  described  (photo.  53).  The  segments  of  a 
fibril  in  this  stage  of  contraction  are  shorter  and  a  little  broader 
than  those  in  stage  A  (in  the  small  fibrils  they  are  about  3*5  /a 
long  by  3  /A  across,  cp.  photo.  53).  The  wall  is  constricted  at  the 
level  of  each  of  the  discs  a,  y,  /8,  y,  and  forms  a  rounded  curve, 
convex  outwards,  between  the  ends  of  each  pair  of  the  discs. 
The  outline  of  the  wall  can  just  be  made  out  in  the  photograph. 
The  halos  of  the  a  discs  now  just  fill  the  interval  between  the  a 
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and  y  discs,  so  that  the  general  appearance  with  a  lower  mag- 
nification is  that  of  alternating  dark  and  light  bands  of  equal 
breadth,  the  latter  being  crossed  in  the  middle  by  a  dark  line. 
Photo.  54  shows  the  appearance  of  the  large  fibrils  in  this  stage 
'  en  masse ' ;  in  it  the  a  discs  are  scarcely  distinguishable  from  the 
other  discs.  In  places,  the  outline  of  the  four  bulging  segments 
of  the  wall  of  each  sarcomere  can  be  seen.  In  parts  in  which 
there  is  no  dislocation,  the  cross-striation  caused  by  the  a  discs 
and  their  halos  and  the  three  intermediate  discs  is  of  course 
more  sharply  marked  than  it  ia  in  the  photograph,  but  as  there 
is  scarcely  any  sarcoplasmic  substance  between  the  fibrils,  and 
they,  being  cylinders,  are  seen  in  different  optical  sections  in  any 
one  focus,  there  are  therefore  not  to  be  found  any  well-marked 
longitudinal  lines  of  sarcoplasm  occurring  at  regular  intervals, 
and  showing  the  state  of  aggregation  characteristic  of  this  stage 
of  contraction,  such  as  there  are  in  muscle  fibres  with  lamellar 
sarcostyles. 

Fibrils  still  more  contracted  in  a  stage  corresponding  to  stage 
C  of  the  other  types  of  muscle  also  closely  resemble  the  insect's 
wing  fibrils  in  this  stage  (photo.  56).  They  may  be  prepared  by 
the  method  described  above,  the  stretching  of  the  muscle  being 
omitted ;  and,  though  with  more  difficulty  than  in  the  case  of 
the  extended  fibrils,  preparations  may  be  obtained  in  which  they 
are  quite  uniform  in  appearance.  The  segments  exactly  corre- 
spond in  appearance  and  proportions  to  the  sarcomeres  of  the 
insect's  wing  muscle  in  stage  C.  The  fibril  is  constricted  at  the 
levels  of  a  and  )8,  while  the  y  discs  can  usually  not  be  seen, 
though  indications  of  them  are  sometimes  to  be  made  out :  they 
are  probably  obscured  by  the  haloe  of  the  a  discs.  The 
appearance  of  large  fibrils  'en  masse'  in  this  stage  is  shown 
in  phota  55,  in  which  the  outline  of  the  walls  of  the  seg- 
ments can  be  very  clearly  seen.  Since  the  fibrils  are  seen  in 
optical  sections  at  different  levels  in  the  transverse  vertical 
diameters,  they  do  not  appear  uniform  in  widtL 

Though  I  have  not  photographed  isolated  fibrils  in  a  sti^  of 
contraction  corresponding  to  the  D  stage  of  other  muscles,  yet 
the  character  of  the  cross-striation  in  well-contracted  parts  of 
the  living  or  fixed  muscle  indicates  that  this  stage  of  contrac- 
tion occurs,  and  I  have  obtained  isolated  fibrils  in  this  stage. 
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their  appearance  being  very  similar  to  that  of  the  insect's  wing 
fibrils  in  stage  D. 

Also,  as  I  have  pointed  out  above,  when  fibrils  are  teased 
out  from  dying  muscle  of  the  crayfish,  many  seem  to  be 
disrupted  and  distorted  in  the  teasing  process,  yet  many  remain 
showing  the  appearances  and  proportions  of  the  parts  character- 
istic of  all  the  various  stages. 

There  can,  then,  be  little  doubt  that  these  fibrils  of  the  skele- 
tal muscles  of  the  crayfish  correspond  accurately  in  every  way 
to  tiie  sarcostyles  of  the  insect's  wing  muscle,  and  they  also  may 
be  called  '  sarcostyles '  and  tlieir  segments  '  sarcomeres.' 

Transverse  sections  prepared  by  the  methods  described  above 
show  that,  allowance  being  made  for  differences  in  the  levels  at 
which  the  sarcomeres  are  cut,  the  fibrils  of  any  one  fibre  are  of 
one  size,  but  in  different  fibres  there  occur  differences  in  the  size 
of  the  sections  of  the  fibrils,  corresponding  to  the  large  and  small 
fibrils  already  described.  But  besides  these  two  classes,  there  is 
at  least  one  other  well-marked  class  of  very  small  fibrils  occur- 
ring in  the  body  muscles,  of  which  the  diameter  is  only  about  1*5 
/u  and  the  length  of  the  segments  3  /a,  but  which,  as  far  as  I  can 
make  out,  resemble  the  larger  fibrils  in  every  particular.  The 
largest  fibrils  that  I  have  found  occur  in  the  muscles  of  the 
great  claw.  This  distribution  of  the  large  and  small  fibrils  is 
interesting  when  looked  at  in  connection  with  the  fact  that  the 
body  muscles  execute  very  sudden  and  rapid  movements,  while 
the  movements  of  the  claw  seem  to  be  always  slow. 

It  is  perhaps  worth  while  to  point  out  that  the  swelling  in 
formic  acid  of  shrunken  and  deformed  fibrils  until  they  regain 
their  normal  shape  and  size  further  strengthens  the  view  that 
the  fibrils  are  membranous  tubules,  for  it  is  difficult  to  suppose 
that  fibrils  of  any  other  nature  would  behave  in  this  way.  This 
swelling  under  the  action  of  formic  acid  is  best  illustrated  by 
teased  preparations  made  by  Eollett's  method  of  negative  gold 
staining.  This  consists  in  fixing  the  fresh  muscle  in  strong 
alcohol,  and  soaking  it  in  glycerine  before  the  immersion  of  it  in 
the  gold  chloride  and  acid.  After  this  treatment  there  may 
occasionally  be  teased  out,  from  all  the  types  of  muscle  that  I 
have  described,  isolated  sarcostyles  showing  the  outlines  proper 
to  the  living  state.     lamellar  sarcostyles  prepared  by  this 
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method  often  show  the  constrictions  characteristic  of  the 
various  stages  of  contraction  much  better  than  those  obtained 
from  chromic  acid  preparations.  But  the  method  is  yerj 
uncertain  in  its  results,  for  often  the  parts  are  too  much 
swollen,  and  the  septa  fi  and  y  no  loiter  exert  their  constrict- 
ing action. 

The  Leg  Muscles  of  the  Souse-Fly. 

The  leg  muscles  of  the  common  house-fly  are  of  two  slightly 
different  types.  Those  of  the  one  type  seem  to  be  exactly 
similar  to  the  leg  muscles  of  the  water-beetle.  Those  of  the 
other  type  differ  from  these  in  that  the  muscle  columns,  instead 
of  being  arranged  in  a  simple  radiating  system  around  the 
central  core,  are  very  narrow,  only  about  5  /a  in  their  radial 
width,  and  are  arranged  in  concentric  circles  or  tiers,  the 
columns  being  radially  arranged  in  each  tier.  So  that,  in  trans- 
verse section  (photo.  69),  the  broad  rings  marked  by  the  narrow 
radial  areas,  the  sections  of  the  muscle  columns,  and  by  the  lines 
of  sarcoplasm  between  them,  alternate  with  concentric  narrow 
rings  of  granular  sarcoplasmic  substance.  There  may  be  two, 
three,  four,  or  even  more  of  these  concentric  rings.  They  are 
not  literally  circular  in  shape,  but  are  long  ovals,  corresponding 
to  the  shape  of  the  central  core  of  sarcoplasm.  The  appearances 
to  be  seen  on  the  longitudinal  aspect  of  the  fibres  are  practicaUy 
identical  with  those  of  the  leg  muscles  of  Dytiscus.  The  fibres 
occur  frequently  in  the  fully  extended  state  without  having  been 
artificially  stretched  out  Rollett  has  figured  them  in  that  con- 
dition, and  has  perhaps  derived  from  them  his  belief  that  the 
living  muscle  columns  of  muscle  in  general  have  an  equal  thick- 
ness in  their  whole  length.  The  proportions  of  the  length  of 
the  segments,  as  marked  by  the  a  septa  in  this  stage  A,  to  their 
thickness,  is  the  same  as  in  those  of  the  lamellar  sarcostyles  of 
the  beetle's  leg  muscle  and  of  the  frog's  muscle,  for  they  are 
about  5  fi  long  by  1*5  /a  in  thickness.  Their  radial  width  is  less 
than  that  of  these  other  columns;  but  this,  as  we  have  seen,  does 
not  affect  the  mechanical  conditions  appreciably  so  long  as  the 
width  is  considerably  greater  than  the  thickness. 

In  all  the  stages  of  contraction,  as  determined  by  the  lengths 
of  the  sarcomeres,  the  appearances  correspond  exactly  with  thosQ 
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of  other  lamellar  sarcostyles,  each  sarcomere  going  through  a 
similar  series  of  changes  in  shape,  and  I  have  not  thought  it 
worth  while  to  give  a  series  of  photographs  representing  these 
stages. 

The  narrow  lamellar  sarcostyles  can  be  readily  isolated  by 
teasing,  after  fixation  with  chromic  acid.  They  can  also  be 
isolated  after  fixation  with  the  mixture  of  chromic  and  formic 
acids,  and  then  show  no  longitudinal  wrinklings  of  the  walls. 

These  muscle  fibres  must  then  be  considered  as  dififerent 
from  those  of  the  water-beetle's  leg  muscles  simply  in  the 
peculiar  arrangement  of  the  sarcostyles  in  two  or  more  con- 
centric rings. 

Other  Types  of  Cross-driated  Mvsde. 

I  have  examined  several  other  types  of  cross-striated  muscle, 
and  have  found  none  that  will  not  fit  into  the  scheme  of 
structure  common  to  the  types  described  above.  I  have  found 
indications  that  the  lamellar  sarcostyle  may  have  been  evolved 
by  the  apposition  of  several  cylindrical  ones,  and  that  some 
retain  indications  of  such  a  composite  origin,  though  now  being 
functionally  single  organs.  But  these  observations,  when  more 
extended,  I  hope  to  embody  in  a  second  paper  on  cross-striated 
muscle. 

Is  there  more  than  one  kind  of  substaTice  occupying  the 

charribers  of  the  Sarcomeres  f 

It  is  one  of  the  oldest  and  most  generally  received  dogmas  as 
to  the  striated  substance  of  muscle  fibres  that  in  the  uncon- 
tracted  state  of  the  fibre  it  presents  an  alternation  of  dim  and 
light  bands,  and  that  these  are  due  to  alternating  layers  of  sub- 
stances which  transmit  the  light  differently.  It  is  generally 
stated  that  the  'dim  substance'  stains  darkly  with  all  the 
ordinary  stains,  especially  logwood,  and  is  anisotropous ;  while 
the  '  bright  substance '  does  not  stain  so  readily,  and  is  isotro. 
pons.  Further,  it  is  said  that  during  contraction  the  dim  bands 
become  bright  and  the  bright  bands  dim.  Some  authors  have 
even  gone  so  far  as  to  speak  of  the  '  dim  substance '  cts  the  '  con- 
tractile '  part  of  a  muscle  fibre. 
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In  the  fully  extended  state,  stage  A,  and  in  stage  B,  both  the 
isolated  sarcostyles  and  the  muscle  fibres  as  a  whole  present  the 
appearance  of  alternating  dim  and  light  bands,  and  the  dim  band 
is  usually  brought  out  more  strongly  by  staining  with  logwood 
(see  photos.  2,  21,  24,  51,  53).  I  have  already  pointed  out 
that  it  is  not  necessary  to  assume  the  existence  of  two  different 
substances  in  the  sarcomeres  to  account  for  this  appearance. 
The  bright  band  is  in  all  cases  chiefly  due  to  the  refraction 
halos  bordering  the  a  septa.  In  the  case  of  the  isolated  cylin- 
drical sarcostyles,  the  folding  of  the  wall  being  most  marked  at 
the  middle  of  each  sarcomere,  increases  the  dimness  of  this  part, 
especially  when  the  substance  of  the  wall  is  stained. 

There  is  sometimes  produced  in  this  way  a  very  well-marked 
appearance  of  a  stained  band,  and  with  an  inferior  lens  it  would 
be  quite  impossible  to  make  out  that  the  staining  resides  in  the 
wall  only.  But  with  the  2  mm.  apochromatic  objective  it  is 
easy  to  make  out  that  the  staining  is  always  at  the  surface 
only,  for  it  is  darkest  at  the  borders  and  palest  at  the  middle 
of  the  width  of  the  sarcomere  (photo.  2).  That  the  high 
refractive  power  of  the  a  disc  is  the  cause  of  the  bright  band 
is  proved  by  the  observation  of  living  or  stained  fibrils  in  the 
various  stages  of  contraction.  In  stage  B,  the  bright  borders 
of  the  a  disc  generally  just  fill  the  interval  between  it  and  the 
y  discs  on  either  side  (photos.  3  and  53),  and  then  if  the  y  discs 
be  stained  the  *  dim  band '  appears  very  sharply  marked  off  from 
the  bright  band.  In  stage  C  the  bright  borders  of  the  a  discs, 
supplemented  perhaps  by  the  narrower  borders  of  the  )8  discs, 
light  up  the  whole  length  of  the  sarcomere,  and  since  the  foldings 
of  the  wall  are  much  less  deep  in  this  stage,  there  is  no  appear- 
ance of  a  dim  band  even  when  the  fibril  is  darkly  stained  with 
logwood  (photos.  5  and  6).  In  the  case  of  the  whole  fibres,  with 
a  relatively  small  amount  of  sarcoplasm,  the  cross-striation  ia 
largely  determined  in  all  stages  of  contraction,  except  stage  A, 
by  the  distribution  of  the  sarcoplasm. 

That  there  is  no  staining  of  the  contents  of  the  sarcomeres  ia 
the  chambers  between  their  trtmsverse  septa  is  proved  by  the 
study  of  transverse  sections  of  muscle  fibres  with  cylindrical 
sarcostyles,  and  of  longitudinal  and  transverse  sections  of  fibres 
with  lamellar  sarcostyles.    I  have  made  a  very  large  number  of 
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such  preparations  of  insects'  wing  muscles  and  the  water-beetles* 
leg  muscles,  using  the  freezing  method,  in  order  to  avoid  the 
shrinkage  which  seems  inevitably  to  result  from  embedding  in 
paraflSn.  The  muscles  were  fixed  with  steam,  chromic  acid,  the 
chromic  and  formic  mixture,  Flemming's  fluid  or  formaline,  and 
stained  as  deeply  as  possible  with  hsematoxylin,  either  'en 
masse '  or  when  on  the  slide.  (For  this  purpose,  I  have  used 
both  Ehrlich's  and  Delafield's  preparations  of  logwood.  The 
stain  is  taken  especially  rapidly  and  well  after  fixatioa  with 
formaline.)  The  sarcoplasm  and  the  walls  and  septa,  of  the 
sarcostyles  alone  appear  stained  (cp.  photos.  17, 18,  36,.  and  58). 
The  only  kind  of  sarcostyle  of  which  this  is  not  certainly  true  is 
that  of  the  crayfish,  in  which,  I  believe,  the  contents  may  some- 
times be  lightly  stained,  but  much  less  darkly  than*  the  walls 
and  septa.  I  have  found  exactly  similar  results  oOi  staining 
with  methylene-blue  and  methyl-violet. 

There  is,  then,  no  reason  to  assume  the  existence  of  the 
'dim'  and  'bright'  substances  to  explain  the  appearances  of 
the  living  muscles,  nor  does  staining  with  haematoxylin,  after 
fixation  with  the  agents  mentioned,  afford  evidence  of  the 
existence  of  such  substances.^  It  has  usually  been  said  that 
the  dim  substance  is  anisotropous,  and  the  bright  substance 
isotropous.  But  Schafer,  in  his  paper  on  "  The  minute  structure 
of  the  leg  muscles  of  the  water-beetle,"  calling  the  lines  of 
sarcoplasm  in  the  fully  extended  state  of  the  muscle,  muscle 
rods,  states  that  the  substance  between  them  (i.^.,  the  muscle 
columns)  is  anisotropous  in  all  its  length,  and  points  out  that 
this  conclusion  is  in  agreement  with  observations  recorded  by 
Heppner  and  Merkel. 

I  have  therefore  thought  it  unnecessary  to  examine  musele 
fibres  with  the  aid  of  Nicol's  prisms,  since  it  seems  clear  from 
these  statements  that  the  method  does  not  afford  evidence  of 
any  differentiation  of  substances  in  the  muscle  columns. 

There  remains,  then,  so  far  as  I  know,  only  one  piece  of  evidence 
that  is  supposed  to  show  the  existence  of  the  two  substances  in  the 
sarcomeres.  It  consists  in  the  effects  produced  by  the  method  of 
negative  gold  staining  as  recommended  by  KoUett.  The  process  con- 
sists in  soaking  the  fresh  muscle  first  in  93  p.c.  alcohol  lor  twenty-four 

^  I  leare  until  a  later  part  of  this  section  the  deacription  of  the  staining 
effects  of  logwood  on  moscles  fixed  with  alcohol. 
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hours  or  more,  then  in  glycerine  for  some  hours,  then  in  1  p.c.  gold 
chloride  for  half  an  hour  or  less,  and  in  25  p.c.  formic  acid  in  the  dark 
until  the  gold  salt  is  reduced. 

Edllett  (2)  states  that  by  this  process,  while  some  parts  of  the  fibres 
are  generally  stained  in  the  same  way  as  when  the  fresh  tiBsue  is 
brought  into  the  gold  chloride,  in  other  parts  the  staining  is  the  reverse 
or  negative  of  this,  the  muscle  columns  being  stained  and  the  sarcoplasm 
left  unstained. 

Sohafer  (1)  has  recently  described  certain  appearances  in  the  wing 
muscles  of  insects  produced  by  this  method  of  staining.  He  states 
that  in  extended  sarcostyles  there  is  a  longitudinally  striated  band  of 
stained  substance  occupying  the  middle  part  of  each  sarcomere,  and 
separated  from  the  disc  at  either  end  by  a  narrow  band  of  unstained 
substance  ;  that  contracted  sarcomeres  are  bulged  out  at  their  middle 
parts,  and  the  stained  substance  comes  almost  into  contact  with  the 
discs,  so  that  the  unstained  interval  almost  disappears  ;  that  the  stris 
on  the  stained  band  can  be  followed  across  the  clear  interval  to  the 
disc;  that  the  stained  part  of  the  sarcomei^s,  which  he  calls  the 
sarcous  substance  or  disc,  is  sometimes  separated  in  teasing,  and  that,  if 
an  end  view  of  it  be  obtained,  there  may  be  seen  tiny  unstained 
circular  areas,  bounded  by  stained  substance.  This  last  appearance 
Schafer  interprets  as  the  expression  of  a  system  of  longitudinal  tubules 
in  the  sarcous  substance,  and  attributes  to  them  the  appearance  of 
longitudinal  striation  presented  by  the  substance,  and  he  supposes  that 
during  contraction  the  fluid  substance  of  the  clear  interval  passes  into 
the  tubules  of  the  sarcous  substance. 

Since  tiie  existence  of  any  such  an  arrangement  in  the  sar- 
comeres seems  to  me  not  easily  leconcilable  with  the  existence 
of  the  transverse  discs  y,  7,  and  /8,  that  I  have  described,  and 
since  my  observations  on  preparations  made  by  this  method 
have  led  me  to  a  conclusion  dififerent  to  that  of  Professor 
Schafei,  I  have  made  a  very  large  number  of  preparations  by 
this  method,  using  the  wing  muscles  of  various  insects,  and  the 
leg  muscles  of  the  water-beetle.  Since  the  effects  of  the  staining 
process  are  very  variable,  the  details  of  the  process  were  varied 
slightly  in  different  ways  with  each  preparation.  Of  these 
preparations,  very  many  were  rejected  as  failures,  but  in  about 
one  hundred  of  them  there  were  large  parts,  sometimes  nearly 
the  whole,  in  which  the  muscle  columns  were  stained.  These 
preparations  were  examined  in  glycerine,  after  being  teased  or 
cut  with  the  freezing  microtome  into  transverse  and  longitudinal 
sections  as  thin  as  possible. 

As  the  differentiation  into  stained  and  unstained  substance  is 
said  to  be  best  seen  in  extended  sarcomeres,  the  wing  muscles  of 
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the  water-beetle  were  generally  pinned  out  in  a  fully  extended 
state  during  their  fixation  by  the  alcohoL  The  fibrils  of  the 
wasp's  and  still  more  of  the  house-fi/s  wing  muscles  are  very 
frequently  found  in  the  extended  state,  so  that  it  was  not 
necessary  to  pin  them  out.  In  the  case  of  the  beetle's  wing 
muscles,  both  in  contracted  and  extended  fibres,  the  most  fre- 
quent result  of  the  staining  is,  that  the  fibrils  are  darkly  stained 
throughout  their  whole  length.  This  can  be  clearly  seen 
throughout  large  areas  of  thin  longitudinal  sections.  This 
occurs  both  when  the  fibrils  are  much  swollen  and  when  they 
are  of  normal  width,  or  remaining  shrunken  to  less  than  their 
normal  width.  But  it  is  also  common  to  see  narrow  unstained 
lines  at  the  levels  of  the  a  discs ;  and  when  the  staining  is 
rather  light,  the  refraction  halos  of  the  discs  generally  assert 
themselves,  making  the  middle  of  the  sarcomeres  appear  the 
darkest  parts.  The  corresponding  appearance  in  the  isolated 
sarcostyle  is  shown  in  No.  1  of  Schafer's  published  photographa^ 
In  similarly  prepared  longitudinal  sections  of  fibres  from  the 
wasp  or  house-fly,  the  fibrils  sometimes  appear  stained  through- 
out their  length,  but  more  commonly  the  a  discs  are  visible  as 
bright  unstained  lines.  When  the  a  discs  are  4  /jl  apart,  it  is 
possible  to  be  quite  certain  that  such  fibrils  are  fully  extended  if 
their  width  does  not  exceed  2*2  /jl,  the  length  of  the  diameter  of 
the  living  sarcomere  in  stage  A.  For  though  the  sarcomeres 
often  become  very  much  swollen  under  the  action  of  formic  acid, 
increase  in  width  is  generally  alone  present,  and  increase  in 
length  never  occurs  without  considerable  increase  in  width. 

In  the  best  preparations  of  this  kind,  especially  of  fibres  from 
the  house-fly,  the  y  and  13  discs  can  also  be  seen  as  bright  un- 
stained lines,  which  can  be  focussed  through  the  thickness  of  the 
sarcomeres.  This  method,  then,  gives  valuable  confirmation  of 
the  presence  of  the  y  and  /3  discs  in  these  sarcomeres.  The 
discs  vary  in  the  degree  to  which  they  assert  themselves,  just  as 
they  do  in  the  living  fibrils,  and  in  fibrils  stained  with  logwood. 
In  some  cases  the  j8  disc  appears  nearly  as  well  marked  as  the 
a  disc,  in  others  it  seems  as  delicate  as  the  y  discs. 

In  thick  longitudinal  sections,  there  is  in  parts  in  which  the 

^  These  photographs  are  published,  with  a  preliminary  account,  in  the  Proc. 
Boy,  Soc,  YoL  49. 
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a  discs  remain  clear  a  well-marked  cross-striation,  for  the  light 
is  almost  quite  stopped  hy  the  stained  bodies  of  several  super- 
posed sarcomeres,  while  it  comes  freely  through  the  narrow 
planes  of  superposed  a  discs.  If  the  fi  disc  is  well  marked,  the 
striation  is,  as  it  were,  doubled.  Where  the  fibrils  are  contracted 
and  the  a  discs  unstained,  the  general  appearance  of  cross- 
striation  is  even  better  marked,  for  the  clear  gaps  caused  by  the 
a  discs  are  just  as  well  marked  as  before,  and  the  widest  part  of 
each  stained  segment  is  in  the  middle  of  its  length,  and  this 
part,  therefore,  colours  the  light  most  deeply. 

To  understand  the  difference  between  these  two  kinds  of 
staining  of  the  fibrils  resulting  from  this  alcohol  gold  process, 
namely,  the  staining  of  the  whole  length  of  the  fibril  and  the 
staining  of  the  substance  in  the  four  chambers  of  the  sarcomeres 
only,  it  is  necessary  to  consider  a  third  kind  of  staining  which 
not  infrequently  results.  This  third  kind  is  a  staining  of  the 
discs  a  and  y  and  fi  and  of  the  side  walls,  just  like  the  staining 
of  logwood;  the  substance  in  the  chambers  of  the  sarcomeres 
remaining  unstained.  It  seems  probable  that  the  kind  of  stain- 
ing first  described,  namely,  that  of  the  whole  length  of  the 
fibrils,  is,  -as  it  were,  a  combination  of  the  two  other  kinds,  t.e., 
that  the  discs  and  walls  are  stained  as  well  as  the  contents  of 
the  chambers.  When  sarcostyles  are  stained  only  very  lightly 
in  this  way,  the  discs  are  usually  more  darkly  stained  than  the 
contents  of  the  chambers,  and  therefore  appear  as  dark  lines 
across  the  lightly  stained  sarcomeres  at  a,  y,  y,  and  p.  In  all 
these  cases  I  have  only  seen  the  y  discs  distinctly  in  sarcomeres 
not  contracted  more  than  to  stage  B. 

It  is  characteristic  of  fibrils  stained  in  the  third  way  that  they 
are  very  coherent,  and  may  be  very  easily  teased  out  in  large 
numbers,  and  in  the  whole  of  their  length,  while,  when  it  is 
attempted  to  tease  fibres  stained  in  the  second  way,  i,e.,  the  con- 
tents only  of  the  chambers  being  stained,  they  break  across  very 
readily,  so  that  it  is  difficult  to  tease  out  any  but  short  lengths 
of  fibrils.  In  this  breaking  across,  the  fibrils  are  ruptured 
about  the  level  of  the  a  discs. 

It  is  also  characteristic  of  fibrils  stained  in  the  second  way 
that,  during  teasing,  fibrils  sometimes  become  drawn  out  ia 
such  a  way  that  the  intervals  between  the  discs  are  much  in- 
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creased.  Larger  or  smaller  clear  gaps  then  occur  between  the 
stained  contents  of  the  successive  sarcomeres  (see  Schafer's 
photo.  2  a.  13).  Sometimes  the  stained  mass  of  each  sarcomere 
is  drawn  into  two  distinct  parts,  the  separation  occurring  at  the 
8  disc,  and  sometimes  it  is  drawn  into  four  distinct  parts,  with 
clear  gaps  between.  This  last  appearance  I  have  not  myself 
seen,  but  it  has  been  recorded  by  trustworthy  observers.  There 
can,  I  think,  be  little  doubt  that  in  this  last  case  the  separations 
are  at  the  y,  y,  and  8  discs,  and  that  the  four  stained  masses 
represent  the  coagulated  and  stained  contents  of  the  four 
chambers  of  the  sarcomere. 

This  drawing  out  of  the  wall  of  the  sarcomeres  is  a  process 
not  easy  to   understand.     It  seems  to  imply  a  well-marked 
ductility.    (A  similar  effect  may  be  very  commonly  seen  when 
fibrils  are  teased  out  from  the  muscles  of  a  crayfish  some  hours 
after  the  death  of  the  animal.)    The  coagulated  contents  of  the 
chambers  of  the  sarcomere  are  probably  slightly  shrunken  away 
from  the  wall,  so  that  they  are  not  intimately  connected  with  it, 
and  may  be  drawn  with  it  in  different  degrees  or  not  at  all,  or 
tilted  a  little  within  the  walls,  according  to  the  degree  of  the 
connectioa    Slight  shrinkage  of  the  coagulated  contents  may, 
perhaps,  account  for  the  fact  that  the  gap  in  the  stained  sub- 
stance at  the  disc  a  occasionally  appears  even  in  longitudinal 
sections  of  fibrils  *  en  masse,'  slightly  wider  than  the  thickness 
of  the  a  disc.    This  occasional  appearance  may,  I  think,  be  ex- 
plained in  this  way  with  much  greater  probability  than  by 
assuming  that  in  them  there  is  between  the  a  discs  and  the 
stained  substance  a  very  narrow  band  of  substance  remaining 
unstained,  although  in  the  great  majority  of  preparations  it 
stains  exactly  like  the  rest  of  the  substance.    That  this  slight 
gap  is  not  due  to  a  narrow  band  of  the  substance  within  the 
sarcomere  remaining  unstained  is  proved  by  those  cases  of  this 
kind  in  which  the  stained  substance  of  the  sarcomere  can  be 
clearly  seen  to  be  made  up  of  four  equal  pieces,  separated  from 
one  another  by  the  y,  y,  and  j8  discs.    It  is  possible  that  the 
slightly  increased  breadth  of  the  gap  between  the  contents  of 
neighbouring  sarcomeres  in  these  exceptional  cases  is  due  to  the 
a  disc  itself  being  increased  in  thickness  by  the  action  of  the 
acid.     Sometimes,  though  still  more  rarely,  the  width  of  the  gap 


570  MR  W.   M'DOUGALL. 

in  the  stained  substance  due  to  the  unstained  ^  disc  also  appears 
rather  greater  than  the  normal  thickness  of  the  disc,  and  this  is 
probably  due  to  the  same  causes.  It  is  often  possible  to  see  in 
muscles  treated  with  alcohol  and  acid,  and  especially  in  the 
fibres  of  the  beetle's  leg  muscles,  that  the  a  disc  is  much  swollen 
in  thickness. 

I  have,  then,  failed  to  find  in  my  numerous  preparations  of 
these  fibrils  by  this  method  any  evidence  of  the  presence  of  two 
substances  in  the  sarcomeres,  such  as  Schafer  has  stated  to  be 
present.  Is  this  result  to  be  regarded  merely  as  a  failure  of 
the  method  in  my  bands  ?  I  think  not,  for  a  critical  inspection 
of  the  photographs  published  by  Schafer  shows  that  they  will 
not  bear  the  interpretation  put  upon  them  by  him  (13). 

The  enlarged  photographs  represent  the  fibrils  magnified 
2300  diameters.  On  carefully  measuring  these  with  a  pair  of 
dividers  and  a  millimetre  scale,  and  dividing  the  lengths  in 
millimetres  so  obtained  by  2*3,  we  find  the  lengths  in  /i  of  the 
parts  of  the  objects  photographed.  The  living  sarcomeres  of 
the  wasp  are  very  constantly  of  the  same  dimensions :  in  stage 
A  they  are  4  ^  by  2*2  yu,  and  when  contracted  to  about  50  per 
cent,  of  their  length  they  are  about  2  /a  long  and  nearly  4  /x  in 
diameter.  I  have  already  stated  that,  although  increase  in  the 
length  of  the  sarcomere  is  found  sometimes  in  sarcostyles  which 
have  been  very  much  swollen  by  the  action  of  the  formic  acid, 
yet  it  never  occurs  without  there  being  considerable  increase  in 
width  of  the  same  sarcomeres.  If,  then,  a  sarcomere,  after  being 
stained  by  the  negative  gold  method,  is  of  the  same  or  less 
diameter  than  living  sarcomeres  of  the  same  length,  we  can  be 
sure  that  there  has  been  no  swelling  in  the  longitudinal  axis, 
and  the  measurement  of  its  length  enables  us  to  determine  with 
certainty  its  stage  of  contraction. 

In  the  plates  accompanying  Schafer's  description  of  the  wing 
sarcostyles  in  the  Proc,  Roy.  Soc,  vol.  49,  the  first  of  the  two 
photographs  (numbered  l.a)  is  said  by  Schafer  to  rppresent 
part  of  a  retracted  sarcostyle.  Its  segments  are  about  1*7  /i  long 
and  3'7/A  wide.  We  may  therefore  conclude  that  they  have 
almost  their  normal  dimensions,  and  are  contracted  to  a  late  C 
stage.  It  will  be  noticed  that  no  trace  of  an  unstained  segment 
is  present. 
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The  segments  of  the  sarcostyle  in  the  photograph  numbered 
(3.a)  are  3  /a  long  and  almost  4  ^  across.  They  might  therefore 
be  interpreted  as  being  in  stage  B  of  contraction,  and  rather 
swollen  in  width  (a  living  sarcomere  in  stage  B  is  3  /a  long  and 
3  /i  across).  But  there  are  objections  to  this  interpretation. 
Firstly,  the  clear  intervals  between  the  dark  bands  are  very 
unequal  in  breadth,  some  being  twice  as  broad  as  others. 
Secondly,  the  two  uppermost  black  bands  in  the  photograph  are 
in  contact  with  one  another,  so  that  there  is  no  clear  interval 
between  them.  Thirdly,  the  lower  one  of  these  two  upper 
bands  is  in  contact  with  the  next  lower  band  at  one  edge  of  the 
fibril,  and  separated  from  it  at  the  other  edge,  showing  that  these 
two  bands,  at  least,  are  not  in  their  normal  position;  but  have 
suffered  dislocation  of  some  kind  during  teasing.  Since  the  two 
upper  black  bands  are  of  the  same  width  as  the  others,  it  cannot 
be  supposed  that  they  aie  in  a  more  contracted  state.  The 
black  bands  are  nearly  2  /i  long  and  nearly  4  /a  bioad,  i.e.,  almost 
exactly  of  the  same  dimensions  as  the  sarcomeres  of  the  fibril  in 
photo.  (l.a)  already  examined.  It  is  therefore  necessary  to  con- 
clude that  each  black  band  represents  the  whole  length  of  a 
sarcomere  in  a  well-conti  acted  state,  aiKi  that  the  photograph 
represents  part  of  a  sarcostyle  in  the  same  stage  of  contraction 
as  that  in  photo.  (l.a),  though  very  slightly  more  swollen,  but 
that  during  teasing  son^  of  the  segments  have  been  drawn*  apart 
from  one  another  to  unequal  degrees,  and  that  the  appearance 
of  clear  intervals  between  the  stained'  segments  has  been  pro- 
duced in  this  way.  There  seems  to  be  some  confusion'  in  the 
numbering  of  the  photos.  2  and  3,  and  the  references  to  them  in 
the  text  of  Schafer's  paper,  so  that  I  cannot  be  certain  whether 
he  regards  this  fibril  of  photo.  3  as  tyjdcal  of  the  retracted  or 
extended  condition.  But  it  seems  probable  that  he  regards  it 
as  extended,  for  his  sole  means  of  judging  of  the  state  of  coi>- 
traction  or  extension  seems  to  be  afforded  by  the  absence  or 
presence  of  the  clear  intervals  between  the  stained  segments. 

In  photo.  (2.a)  the  length  of  the  sarcomeres  is  about  7  fi  and 
their  width  2  ft.  They  are  therefore  very  much  overextended. 
The  stained  segment  is  made  up  of  two  parts,  slightly  separated 
from  one  another :  each  is  2  /i  long  and  2  ^  broad.  Together 
they  make  up  4  fi,  the  length  of  a  fully  extended  living  sarcostyle. 
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I  would  therefore  interpret  each  of  these  black  bands  as  the  con- 
tents of  the  one-half  of  a  sarcomere,  t.^.,  the  substance  between 
the  a  and  /8  discs,  the  living  fibril  having  been  fixed  by  the 
alcohol  in  the  fully  extended  state,  and  the  further  extension 
having  been  produced  during  teasing.  This  photograph  is 
described  as  representing  part  of  a  retracted  sarcostyle,  but  in 
this  case  also  it  is  impossible  to  make  sure  of  what  is  Schafer's 
opinion  respecting  it,  owing  to  the  confusion  mentioned  above. 

In  photo.  (4.a)  the  sarcomeres  of  the  upper  part  are  5*7  /jl  long 
and  2  fi  broad.  The  black  segments  are  4  yu  long  and  2  fi  broad. 
Since  the  fibril  Efbows  unmistakable  evidence,  in  the  obliquity 
of  some  of  the  bands,  of  artificial  stretching  during  its  prepara- 
tion, it  is  fair  to  interpret  the  black  segments,  4  fi  long,  as  the 
stained  contents  of  sarcomeres  fixed  in  the  fully  extended  state, 
and  afterwards  stretched  during  teasing,  the  clear  intervals 
being  so  produced.  The  segments  are  slightly  shrunken,  since 
they  are  only  2  /j,  across,  wliile  in  the  living  state  they  are  2*2  /a 
across.  Tnrning  to  the  lower  part  of  the  photograph,  we  find 
black  segments  2*2  /j,  long  and  3  fi  wide,  and  separated  by  clear 
intervals,  rather  longer  than  those  in  the  upper  part  of  the 
photograph.  These  black  segments  seem  to  represent  the 
stained  contents  of  sarcomeres  fixed  in  stage  C  by  the  aloohol, 
and  afterwards  drawn  apart  during  teasing.  They  remaia 
shghtly  shrunken  in  width,  like  those  in  the  upper  part  of  the 
photograi^ 

In  photo.  5  the  fibrils  are  said  to  be  moderately  extended. 
The  black  segments  are  sepeurated  from  one  another  by  clear 
intervals  of  very  different  lengths,  and  many  of  them  are  tilted 
in  different  ways.  The  black  segments  are  2*3  fj.  long  and  3*8  fi 
broad,  and  these  are  the  dimensions  of  a  living  sarcomere  in  an 
early  C  stage.  Each  black  segment,  therefore,  probably  re- 
presents the  stained  contents  of  a  sarcomere  fixed  in  that  stage, 
and  the  clear  intervals  have  been  produced  during  teasing. 
The  second  of  the  two  photographs  numbered  l.a  I  do  not  know 
how  to  interpret,  unless  it  be  of  one  of  the  smaller-sized  fibrils 
(such  as  that  shown  in  my  photo.  2)  which  occasionally  occur. 
For  in  appearance  and  proportion  of  parts,  it  exactly  resembles 
fibrils  stained  in  their  whole  length  in  stage  £.  If  it  be  a 
fibril  of  the  usual  size,  it  must  be  a  good  deal  shrunken  in  width, 
and  fairly  well  contracted,  i.e,,  to  an  early  C  stage. 
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I  have  found  in  teased  preparations  fibrils  in  all  stages  of 
contraction  showing  considerable  clear  intervals  between  the 
stained  segments,  just  like  those  in  Schafer's  photc^raphs. 
But,  like  these,  thej  generally  show  unmistakable  signs  of 
having  been  dragged  during  teasing,  either  in  an  abnormal 
length,  an  irregularity  in  the  size  of  the  clear  intervals,  or  an 
obliquity  of  parts.  There  can  usually  be  seen  fibrils  still  '  en 
masse '  lying  near  the  separated  fibrils,  and  like  them  in  every 
respect,  except  that  they  have  no  clear  intervals  between  their 
stained  segments  wider  than  the  line  which  is  the  expression  of 
the  a  disc.  The  simple  fact  that  a  part  of  a  fibril  appears 
isolated  in  a  teased  preparation  is  enough  to  prove  that  it  has 
suffered  some  dragging, — enough,  at  least,  to  brea^k  it  across  and 
separate  it  from  its  fibre.  Schafer  does  not  seem  to  have 
avoided  this  by  making  thin  longitudinal  sections. 

This  series  of  photographs,  then,  so  far  from  proving  the  exist* 
ence  at  either  end  of  the  sarcomere  of  a  band  of  substance 
which  remains  unstained  while  the  middle  parts  become  stained, 
affords  evidence  that  in  the  fibrils  represented  in  the  photo- 
graphs such  bands  of  substance  do  not  exist.  For  when  the 
state  of  contraction  of  the  sarcomeres  is  determined  in  the  only 
legitimate  manner,  namely,  by  measurement,  it  is  found  that  in 
every  case  the  stained  substaiice  corresponds  in  size  to  the  size 
of  the  sarcomeres  in  the  stage  of  contraction  in  which  they  were 
fixed,  and  therefore  the  stained  substance  must  have  occupied 
the  whole  length  of  the  sarcomere. 

Longitudinal  sections  of  fully  extended  fibres  from  the  leg 
muscles  of  the  water-beetle^  stained  by  this  method,  show  that 
where  the  muscle  columns  are  stained,  they  are  stained  in  their 
whole  length,  and  so  strengthen  the  evidence  afforded  by  the 
wing  fibrils.  An  appearance  of  a  well-marked  dark  band  is 
oft^i  produced  in  tiiese  fibrils  by  this  staining  process,  in  the 
following  way.  The  shrinkage  produced  by  the  alcohol  most 
affects  the  middle  parts  of  the  sarcomeres,  and  the  sarcoplasm 
becomes  accumulated  at  these  levels  in  the  masses  described  by 
van  Gehuchten  as  '  batonnements '  on  the  longitudinal  strands  of 
his  network.  These  become  stained  with  gold,  and  so  cause  by 
optical  fusion  the  appearance  of  a  darkly-stained  band.  Other 
causes  may  also  produce  a  general  appearance  of  a  darkly? 
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stained  band ;  for  example,  the  dark  staining  of  the  y  and  /8  disc 
in  each  segment. 

I  am  of  opinion,  therefore,  that  this  method  of  negative  gold 
staining  does  not  afford  evidence  of  the  presence  of  substances 
of  two  kinds  in  the  chambers  of  the  sarcomere. 

In  describing   the  staining  effects   of  logwood  after  fixation 
with  various  agents,  I  did  not  describe  the  eflFects  produced 
after   fixation  with  alcohol,  and   these   effects  must   now   be 
described.     If  a  slip  of  the  wing  muscle  of  the  wasp,  house-fly, 
or  water-beetle  be  put  through  the  preliminary  stages  of  the 
negative  gold  method  of  staining,  i.e.,  if  it  be  soaked  in  strong 
alcohol  and  then  in  glycerine,  and  then  be  immersed  in  rather  a 
dUute  preparation  of  haematoxylin  for  one  or  more  days,  and 
afterwards  cut  with  the  freezing  microtome  into   thin  longi- 
tudinal and  transverse  sections,  it  is  found  that  the  staining 
effect  of  hsematoxylin  is  modified  by  the  previous  treatment 
with  alcohol,  in  just  the  same  way  as  the  staining  effect  of  gold 
chloride.    The  sarcoplasm  in  most  parts  remains  quite  unstained. 
Sarcostyles  are  found  stained  in  all  the  three  ways  in  which 
they  become  stained  by  the  negative  gold  method,  namely,  the 
substance  of  the  sarcostyles  is  stained  darkly  in  its  whole 
length ;  or  the  discs  a,  y,  ^,  y  and  the  walls  are  stained,  while 
the  contents  of  the  chambers  of  the  sarcomeres  remain  unstained ; 
or,  thirdly,  only  the  contents  of  the  chambers  are  stained,  the 
discs  and  walls  being  left  unstained.    The  first  kind  of  staining 
is  the  most  common. 

If  fibres  stained  by  this  method  be  finely  teased,  sarcostyles 
presentu^  all  the  three  kinds  of  staining  are  usually  to  be  found 
in  the  preparation,  but  there  are  usually  a  few  others  which 
present  darkly-stained  bands  alternating  with  narrow  clear 
bands.  Usually  the  stained  band  occupies  the  middle  part  of 
each  segment,  but  often  it  consists  of  two  parts,  separated  by  a 
clear  band  of  variable  width.  These  clear  bands  are  due  to  a 
pulling  out  of  the  walls  of  the  sarcomeres  during  the  process  of 
teasing,  just  like  those  which  may  appear  in  teased  preparations 
of  sarcostyles  stained  by  the  negative  gold  method.  The  proof 
of  this  consists  in  the  following  facts.  Firstly,  in  preparations 
made  by  cutting  thin  longitudinal  sections  with  the  freezing 
microtome  there  occur  many  isolated  parts  of  sarcostyles,  yet 
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these  never  preseut  clear  intervals  between  the  stained  segments 
wider  than  the  clear  line  which  is  the  expression  of  the  un- 
stained a  disc  in  sarcostyles  with  the  third  kind  of  staining.* 
Secondly,  the  sarcostyles  which  present  clear  bands  between  the 
segments  usually  present  unmistakable  signs  of  having  been 
dragged,  in  an  inequality  of  the  widths  of  the  clear  bands,  in 
obliquity  of  the  discs  or  stained  segments,  or  in  an  absence  of 
the  clear  bands  in  some  sarcomeres,*  which  otherwise  exactly 
resemble  the  rest.  Thirdly,  the  clear  band  is  often  just  as  wide 
in  contracted  as  in  extended  sarcostyles.  Fourthly,  there  can 
usually  be  seen  fibrils  still  *  en  masse '  in  neighbouring  parts  of 
the  field,  exactly  like  tliose  showing  the  clear  bands,  except  in 
the  absence  of  the  clear  bands.  It  is  clear,  therefore,  that  this 
staining  with  logwood  after  fixation  with  alcohol  does  not  afford 
evidence  of  two  kinds  of  substance  in  the  chambers  of  the 
sarcomere,  and  confirms  the  conclusion  drawn  from  the  study  of 
preparations  by  the  negative  gold  method. 

We  have  now  examined,  and  found  to  be  fallacious,  the  four 
kinds  of  evidence  on  which  the  belief  in  the  existence  of  the 
'dim'  substance  has  been  founded,  and  I  know  of  no  other 
evidence  supporting  the  belief. 

With  regard  to  the  tubular  structure  ascribed  by  Schafer  to 
the  contents  of  the  sarcomere,  I  have  only  obtained  negative 
evidence,  by  the  examination  of  many  transverse  sections  of 
fibrils  stained  by  the  negative  gold  method.  The  contents  of 
the  sarcomeres  usually  contain  a  number  of  darkly-stained 
granules,  about  "2  to  '3  ^i  in  diameter.  When  one  of  these 
granules  is  looked  at  with  a  focus  slightly  too  high,  it  appears  as 
a  tiny  dark  ring  with  a  clear  centre.  This  appearance  of  tiny 
rings  is  seen  equally  well  in  the  longitudinal  and  transverse 
views  of  sarcomeres.  But  in  the  view  of  a  transverse  section 
all  the  granules  at  one  focus  may  appear  as  rings,  giving  an 
appearance  exactly  like  that  of  Schafer's  photo.  8.S'.  This  ar- 
rangement of  the  granules  in  transverse  planes  is  due  to  their 
being  contained  in  the  chambers  of  the  sarcomere,  which,  when 

^  Perhaps  the  cases  in  which  the  clear  band  is  most  nnmistakably  the  result 
of  a  dragging  of  the  fibrils  are  those  fibrils  in  which  a  clear  interval  occors  between 
one  or  two  pairs  of  segments  only,  these  being  correspondingly  lonoer  than  the 
other  segments,  between  which  there  are  no  clear  bands.  This  I  have  seen, 
though  rarely. 
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the  sarcomere  is  contracted  to  any  appreciable  extent,  are  so 
shallow  as  to  allow  of  only  a  single  layer  of  granules  between 
the  discs  by  which  they  are  bounded.  This  arrangement  of  the 
granules  in  a  single  layer  between  each  pair  of  discs  can  some- 
times be  made  out  in  the  longitudinal  aspect  Although 
Schafer  states  that  the  appearance  of  tiny  rings  can  be  made 
out  at  all  foci,  he  does  not  state  that  he  has  been  able  to 
follow  any  one  ring,  as  such,  through  any  part  of  the  depth  of 
the  sarcomere,  as  it  would  be  easy  to  do  if  the  rings  are  the 
optical  expression  of  tubules.  Nevertheless,  my  failure  to  find 
tubules  has  of  course  only  a  negative  value,  and  it  must  be  sup- 
posed that  Schafer's  preparations  show  an  appearance  of  rings 
which  cannot  be  easily  seen  to  be  due  to  stained  granules. 

The  preservation  of  the  regularity  of  the  Cross-striation. 

If  the  striated  substance  of  a  muscle  fibre  consists  of  longi- 
tudinal elements,  the  muscle  columns,  lying  side  by  side  in  a 
liquid  or  viscid  medium,  and  if  they  are  not  in  any  way  tied 
together  at  intervals  in  the  whole  length  of  the  fibre,  how  comes 
it  that  the  corresponding  parts  of  neighbouring  columns  are 
nearly  always  found  forming  continuous  lines  across  the  fibre 
with  the  most  wonderful  regularity  ? 

When  a  living  fibre  from  the  leg  muscles  of  Dytiscus  is 
watched  under  a  high  power  of  the  microscope,  it  can  be  seen 
that  the  regularity  of  the  cross-striation  is  sometimes  locally 
destroyed  by  the  imequal  contraction  of  neighbouring  muscle 
columns.  Each  muscle  column  is  th^i  much  more  clearly 
marked  out  from  its  fellows,  and  its  a  septa  can  be  clearly  dis- 
tinguished; the  lines  a  of  neighbouring  columns  sometimes 
form  in  such  cases  a  series  of  steps  across  this  part  of  the  fibre. 
But  any  such  irregularities  are  very  soon  rectified  in  a  living 
fibre.  The  passage  of  a  small  nematode  worm  along  the  fibre, 
temporarily  displacing  the  transverse  striae,  as  recorded  by 
Kilhne  and  v.  Eberth,  affords  another  illustration  of  this 
wonderful  power  of  rectification  of  the  cross-striation  thskt  is 
possessed  by  the  living  fibre.  In  dead  fibres  there  are  often 
found  breaks  or  'faults'  in  the  cross-striation.  I  would  offer 
the  following  suggestion  towards  the  explanation  of  the  phenom- 
enon. 
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Confining  our  attention  to  a  fibre  of  the  leg  muscle  of  Dytiscus, 
let  us  consider  the  relation  of  the  sarcoplasm  to  the  muscle 
columns.  In  the  fully  extended  state  the  sarcoplasm  occupies 
narrow  planes  between  the  columns,  besides  surrounding  the 
nuclei  at  the  central  core  of  the  fibre.  When  the  columns  are 
contracted  to  stage  B,  the  sarcoplasm  occupies  small  linear 
radial  spaces  at  the  constricted  levels  of  the  columns,  which  are 
shut  off  from  one  another  by  the  coming  in  contact  of  the  bulged 
parts  of  neighbouring  columna 

Transverse  sections  of  these  spaces  or  chambers  parallel  to 
the  long  axis  of  the  fibre  are  roughly  diamond-shaped  (see  fig. 
17).  But  if  the  corresponding  parts  of 
neighbouring  muscle  columns  are  not  at 
exactly  the  same  transverse  level,  the 
section  of  the  chambers  has  the  shape 
of  the  clear  area  in  fig.  18.  If  now 
the  columns  contract  further,  they  press 
equally  against  one  another  and  against 
the  sarcoplasm,  and  both  columns  and 

Fio  17 

sarcoplasm  have    to  expand    laterally 

against  the  elastic  resistance  of  the  sarcolemma,  and  a  greater 

quantity  of  sarcoplasm  has  to  be  packed 

away  between    the    same    lengths    of    the 

muscle    columns.      The    sarcoplasm    must 

therefore  exert  an  increasing  fluid  pressure 

upon  the  walls  of  the  spaces  in  which  it  is 

contained  as  contraction  proceeds.    Then,  if 

at  any  part  the  cross-striation  is  not  perfectly 

regular,  ie.,  if  any  of  the  spaces  between  the 

muscle  columns  present  in  section  a  shape  pj^^  ^g, 

such  as  that  shown  in  fig.   18,  there  is  a 

greater  number  of  units  of  area  on  the  walls  a,d  and  b,c  than 

on  the  walls  a.b  and  d.c,  and  therefore  there  is  a  greater  force 

tending  to  drive  ^)art  a,d  and  b,e  than  that  which  tends  to 

drive  apart  a.h  and  d.c.    Since  the  walls  are  not  fixed  relatively 

to  one  another,  the  result  will  be  that,  as  contraction  proceeds, 

the  shape  will  tend  to  become  diamond-shaped,  i.e.,  to  have  its 

sides  reduced  to  equality,  and  a  and  a  will  be  brought  into  the 

same  straight  line.    In  all  stages  of  contraction  in  muscle  fibres 
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with  muscle  columns  of  any  other  shape  the  conditions  will  be 
similar,  though  more  complex. 

I  would  here  insist  for  the  last  time  upon  the  significance  of 
the  fact  that,  while  in  all  the  different  types  of  muscle  fibre 
that  I  have  described  the  absolute  size  of  the  sarcomeres  is 
subject  to  very  considerable  variations,  the  relation  of  their 
length  to  their  transverse  measurements  is  always  a  very 
definite  and  constant  one ;  and  this  relatiou  is  such  that  what- 
ever the  size  and  shape  of  the  sarcomere,  if  only  it  contain  fluid 
substance  and  be  divided  by  three  elastic  septa,  such  as  I  have 
supposed,  then  whenever  its  ends  are  approximated  by  any  force, 
it  must  exhibit  the  regular  series  of  definite  changes  in  shape 
that  I  have  described.  This  constancy  of  the  conditions  of 
shape  aud  volume  in  such  widely  different  types  of  muscle  can- 
not be  a  mere  coincidence,  and  to  me  seems  to  be  in  itself  very- 
strong  evidence  of  the  truth  of  my  accoimt  of  the  structure  of 
the  sarcomeres,  for  I  cannot  imagine  what  would  necessitate  the 
constancy  of  these  conditions  in  the  presence  of  any  other  struc- 
ture, and  still  less  in  the  total  absence  of  structure. 

Summary  of  the  Conclusions  arrived  at  in  respect  to  tlu 
Structure  of  Cross-striated  Muscle, 

I  will  conclude  this  paper  with  a  brief  statement  of  the  most 
important  propositions  which  may,  I  think,  be  regarded  as 
rendered  highly  probable  by  the  observations  and  arguments  set 
down  above. 

1.  The  striated  substance  of  the  muscles  of  several  arthro- 
pods and  vertebrates  of  widely  different  groups,  and  therefore 
probably  of  most  members  of  these  families,  is  of  fundamentally 
the  same  nature. 

2.  These  muscles  consist  of  longitudinal  contractile  elements, 
the  sarcostyles,  embedded  in,  and  more  or  less  separated  from 
one  another  by,  a  protoplasmic  substance,  the  sarcoplasm. 

3.  The  sarcostyle  consists  of  a  longitudinal  series  of  hollow 
chambers,  the  sarcomeres,  joined  end  to  end,  and  separated  from 
one  another  by  complete  transverse  septa.  The  walls  of  the 
chambers  and  these  septa  between  the  chambers  are  of  a 
membranous  nature,  and  practically  inextensible.    The  cavity  of 
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the  sarcomere  is  divided  into  four  equal  chambers  by  three 
transverse  septa  of  extensible  elastic  membrane,  of  which  the 
middle  one  is  less  easily  extensible  than  the  other  two.  The 
chambers  of  the  sarcomere  contain  fluid  substance. 

4.  While  the  shape  and  absolute  size  of  the  sarcomere  ia 
different  in  different  animals,  and  often  in  different  muscles  of 
one  animal,  the  proportions  and  dispositions  of  the  parts  of  the 
sarcomere  are  in  all  cases  such  that  any  shortening  must  be 
accompanied  by  a  pressure  of  the  fluid  contents  upon  the  walls  of 
the  sarcomeres,  and  that,  under  the  influence  of  this  pressure,  the 
side  walls  must  bulge  outward,  dragging  out  the  extensible  septa, 
which,  by  their  elastic  reaction,  constrict  the  wall,  and  cause  the 
whole  sarcomere  to  go  through  a  perfectly  definite  and  regular 
series  of  changes  in  shape  as  the  shortening  goes  on.  These 
changes  in  shape  are  very  slightly  variable  in  any  one  type  of 
sarcomere,  but  are  essentially  similar  in  all  the  different  kinds 
of  muscle  described  above. 

5.  The  above  account  of  the  structure  of  cross-striated  muscle 
affords  a  basis  for  legitimate  speculation  as  to  the  nature  of  the 
processes  which  immediately  determine  contraction,  and  the 
formation  of  hypotheses,  the  truth  of  which  we  may  reasonably 
hope  to  afi&rm  or  deny  at  some  future  time. 

6.  The  results  obtained  in  these  investigations  justify  the 
working  hypothesis  adopted  at  the  outset,  rendering  its  truth 
highly  probable,  and  they  emphasise  the  importance  of  the 
method  used.  The  hypothesis  adopted  was  that  living  cross- 
striated  muscles  consist  of  substances  which,  so  far  as  their 
mechanical  properties  are  concerned,  may  be  defined  and  classed 
in  the  same  way  as  non-living  matter,  namely,  as  solid,  viscous, 
and  fluid  substances ;  and  the  method  used  was  to  attempt  to 
explain  all  the  phenomena  in  terms  of  this  hypothesis,  and 
when  this  seemed  at  first  impossible,  to  attribute  this  to  the 
complexity  and  obscurity  of  the  conditions  of  observation,  rather 
than  to  suppose  such  a  fimdamental  difference  in  the  nature  of 
the  living  substances  as  would  make  it  improper  to  attempt  to 
regard  them  as  being  among  those  phenomena  which  have  a 
mechanical  aspect. 
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A  Suffgestian  as  to  the  nature  of  the  Physical  Processes  that 

determine  *  Contraction* 

The  investigation  of  the  structure  of  muscle,  the  results  of 
which  have  heen  given  in  this  paper,  was  undertaken  in  the  hope 
of  finding  such  evidence  of  mechanical  structure  as  would  afford 
a  basis  for  a  hypothesis  that  I  had  conceived  as  to  the  nature  of 
the  contractile  processes.  My  account  of  the  structure  cannot 
fail  to  suggest  the  hypothesis  in  question  to  every  ingenious 
person.    I  will  therefore  set  it  down  very  briefly  hera 

If  by  any  means  the  volume  of  the  fluid  contents  of  the 
chambers  of  a  sarcomere  is  increased,  the  side  walls  must  be 
bulged  outwards,  drawing  together  the  end  walls  of  the  sarco- 
mere, the  septa  a.  For  this  is  the  only  way  in  which  its 
cubic  capacity  can  be  increased.  In  describing  the  stages  of 
contraction  of  the  sarcomere,  I  have  assumed  that  it  goes 
through  all  the  changes  in  shape  without  any  change  in 
volume,  as  would  be  the  case  if  its  end  walls  were  pushed 
towards  one  another  by  external  forces ;  but  if  the  elastic  septa 
were  stretched  ever  so  little  more  at  each  stage,  there  would  be  a 
continuous  increase  in  the  cubic  capacity  of  the  whole  sarcomere, 
with  so  slight  a  difference  in  its  outline  at  each  stage  as  would 
be  unrecognisable  under  the  microscope.  My  suggestion  is  that 
the  immediate  cause  of  contraction  is  an  increase  in  the  volume 
of  the  fluid  contents  of  the  sarcomere,  and  I  would  formulate  my 
hypothesis  as  follows : — Contraction  is  the  residt  of  an  in/yrease  in 
the  volume  of  the  fluid  contents  of  the  sarcomere,  and  relaxation  is 
accompanied  by  a  diminution  in  their  volume. 

That  an  increase  in  the  volume  of  the  fluid  contents  of  the 
sarcomeres  is  an  efficient  cause  of  shortening  of  at  least  40  p.c.  of 
their  length,  is  proved  by  the  observations  previously  recorded. 
I  have  described  how,  under  the  action  of  25  p.c.  formic  acid, 
a  sarcostyle,  fixed  or  partially  fixed  by  strong  alcohol,  may 
be  seen  to  shorten  by  at  least  40  p.c.  of  its  length,  with  the 
changes  in  appearance  characteristic  of  normal  contraction ;  and 
that  this  is  due  to  an  increase  in  the  volume  of  the  fluid  contents 
of  the  chambers  of  the  sarcomere  is  shown  by  the  fact  that,  after 
a  more  prolonged  action  of  the  acid,  the  elastic  septa  may  cease 
to  exert  their  constricting  action,  each  sarcomere  then  swelling 
up  as  a  single  chamber  to  its  barrel-shaped  form  of  maximum 
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cubic  capacity,  elongating,  in  doing  so,  if  there  has  been  a  well- 
marked  shortening.  I  described  also  what  seems  to  be  an  analo- 
gous effect  of  very  weak  acid  on  living  sarcostylea 

Are  there,  then,  any  indications  as  to  the  means  by  which  such 
an  increase  in  volume  of  the  contents  of  the  sarcomeres  may  be 
effected  ?  Two  possibilities  present  themselves :  such  an  increase 
of  volume  may  be  carried  by  (a)  the  production  within  the  sarco- 
meres of  new  substances  that  occupy  a  larger  space  than  their 
parent  molecules ;  (&)  the  passage  of  fluid  into  the  sarcomeres  from 
the  sarcoplasm.  It  is  now  very  generally  beheved  that  the  chemi- 
cal changes  that  determine  contraction  consist  in  a  breaking  up  of  a 
large  molecule  or  molecules,  the  so-called  *■  inogen,'  into  a  number 
of  smaller,  more  stable  molecules.  Since,  as  we  have  seen,  the 
sarcomeres  are  the  contractile  elements,  and  may  be  seen  to 
contract  when  lying  in  an  inert  fluid  such  as  white  of  egg,  it 
seems  highly  probable  that  this  breaking  up  of  large  molecules 
into  more  numerous  smaller  molecules  takes  place  in  the  fluid 
substance  occupying  the  chambers  of  the  sarcomeres.  Such  an 
increase  in  the  number  of  molecules  in  solution  in  the  fluid  of 
the  chambers  must  tend  to  cause  an  osmotic  current  from  the 
sarcoplasm  through  the  walls  into  the  sarcomeres^  so  increasing 
the  volume  of  their  fluid  contents.  In  this  paper  I  will  not 
discuss  further  the  possibiUties  here  suggested,  but  will  merely 
point  out  some  facts  that  seem  to  make  it  possible,  and  even 
probable,  that  such  an  osmotic  current  is  the  chief  factor  in 
the  production  of  contraction.  Firstly,  the  osmotic  pressures 
that  can  be  produced  by  even  dilute  solutions  are  very  great :  for 
example,  the  final  osmotic  pressure  of  a  1  p.c.  solution  of  NaCl  is 
said  to  be  equal  to  that  of  a  column  of  mercury  580  mm.  in  height. 
Secondly,  owii^  to  the  minute  size  and  great  number  of  sarco- 
meres in  any  fibre,  the  area  of  mediate  apposition  of  the  fluid 
sarcoplasm  and  the  fluid  contents  of  the  scarcomeres  is  enor- 
mously large.  Thirdly,  the  two  fluids  are  separated  by  mem- 
branes that  are  extremely  thin,  certainly  not  more  than  *1  /i  in 
thicknes&  Fourthly,  it  has  been  shown  that  the  substance  of 
fatigued  muscle,  i.e.,  a  muscle  saturated  with  the  products  of  its 
own  activity,  has  a  greater  osmotic  equivalent  than  fresh  muscle.^ 

^  I  am  engaged  upon  a  series  of  experiments  directed  towards  the  gaining  of 
more  light  upon  this  point. 
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If  this  suggestion  be  adopted  as  a  working  hypothesis,  there 
can  be  given  very  plausible  explanations  in  terms  of  the  hypo- 
thesis of  many  of  the  most  important  properties  of  cross-striated 
muscle :  for  example,  of  its  tone,  elasticity,  and  extensibility ; — 
and  of  many  of  the  phenomena  that  accompany  contraction  and 
relaxation  under  various  conditions :  for  example,  the  curve  of 
relaxation  and  its  variations,  *  contracture,'  *  rigor  mortis,'  water- 
rigor  and  its  removal  by  2  p.c.  salt  solution,  summation  of  stimuli, 
tetanus,  fatigue,  and  the  effects  of  variations  of  temperature. 

It  is  of  interest  to  note  that  my  account  of  the  structure  of 
cross-striated  muscle  affords  a  histological  basis  for  speculations 
on  the  nature  of  the  processes  that  produce  contraction,  published 
by  other  observers. 

Thus,  if  Biitschli's  (14)  suggestion  as  to  the  nature  of  muscular 
contraction  be  slightly  modified,  it  becomes  applicable  to  the 
structure  of  cross-striated  muscle  as  described  in  the  first  part 
of  this  paper.  The  essence  of  Biitschli's  suggestion  is  that,  by  a 
change  in  chemical  composition  in  some  parts  of  a  muscle  fibre, 
the  surface  tension  of  hypothetical  alveoli,  to  which  he  ascribes  a 
peculiar  arrangement  of  parts  and  supplementary  discs,  is  altered, 
and  the  shape  of  the  alveoli  is  altered  as  a  result  of  this  altera- 
tion of  their  surface  tension.  If,  in  the  place  of  these  hypothetical 
alveoli  we  put  the  sarcomeres,  and  suppose  that  it  is  their  sur- 
faces which  suffer  an  alteration  of  surface  tension,  we  may  sup- 
pose the  alteration  to  be  of  such  a  nature  that  the  walls  of  the 
sarcomeres  tend  to  become  more  convex  to  the  sarcoplasm,  and 
this  would  constitute  a  tendency  to  contraction  of  the  sar- 
costyles. 

D'Arsonval  has  attempted  to  explain  the  electrical  variations 
exhibited  by  a  contracting  muscle  as  the  result  of  alterations  in 
the  surface  of  contact  between  hypothetical  discs  in  the  muscle 
fibre  and  a  surrounding  fluid  medium.  We  have  seen  that  the 
surface  of  contact  between  the  sarcomeres  and  the  sarcoplasm 
in  which  they  are  embedded  becomes  very  much  reduced  during 
contraction,  and  it  may  be  suggested  that  this  is  either  the  cause 
or  the  effect  of  a  negative  variation  of  the  electrical  state  at  this 
surface. 

I  have  gratefully  to  acknowledge  the  help  received  from  Mr 


THE  STBUCTURB  OF  CBOSS-STBIATED  MUSCLE.  583 

C.  G.  Leftwich,  of  St  John's  College,  in  connection  with  various 
mathematical  points.  I  have  also  received  most  valuable  criti- 
cism and  advice  from  Dr  J.  N.  Langley  and  Dr  T.  Gregor  Brodie, 
and  to  them  mj  best  thanks  are  due ;  and  especially  I  wish  to 
thank  Prof.  G.  S.  Sherrington  for  advice  and  encouragement  on 
my  first  taking  up  this  investigation. 
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DESCRIPTION  OF  THE  PHOTOGRAPHS. 


The  photographs  were  taken  with  the  2  mm.  apochromatic  homo- 
geneous immersion  ohjective  of  Zeiss,  with  projection  ocular  and  achro- 
matic suh-stage  condenser.  The  source  of  light  was  the  oxyhydrogen 
lime-light  in  all  except  a  few  cases,  in  which  the  electric  arc  lamp  was 
used.  The  magnification,  except  in  the  few  cases  where  the  magnifi- 
cation is  given  helow  the  photographs,  was  a  Uttle  more  than  1000 
diameters.  To  see  all  the  details  given  in  the  photographs,  it  is  neces- 
sary to  examine  them  closely  in  a  good  light,  preferahly  daylight. 
The  parts  which  were  accurately  f ocussed,  and  to  which  I  wish  to 
draw  attention,  are  indicated  in  the  key  to  each  photograph  hy  a 
slight  filling  in  of  the  outline  sketch.  It  should  be  remembered  that 
the  2  mm.  apochromatic  focusses  very  accurately  in  one  plane  only. 
Some  of  the  photographs  have  suffered  an  unavoidable  loss  of  definition 
in  the  processes  of  reproduction. 
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APPENDIX. 

Note  on  Professor  Butherford's  Articlk 

An  article  by  Professor  Eutherford,  dealing  with  the  structure  of 
the  striated  muscles  of  the  crab,  has  appeared  in  the  April  number 
of  this  Journal  since  the  above  article  was  put  into  type.  His 
description  of  a  crab's  muscle  differs  so  much  from  mj  description 
of  the  muscle  of  the  crayfish,  that  I  have  thought  it  well  to  recon- 
cile the  two  descriptions,  as  far  as  possible,  in  this  appendix.  I 
have  examined  the  muscles  of  the  claw  of  the  crab,  and  have 
found  that  they  are  like  those  of  the  crayfish  in  all  essential 
respects.  But  they  contain  sarcostyles  of  a  larger  size  than  any 
that  I  have  found  in  the  muscles  of  the  latter.  These  very  large 
sarcostyles  are  correspondingly  more  resistant,  so  that  it  is  easier 
to  make  good  preparations  from  them,  and  to  make  out  the 
details  of  their  structure.  The  fibrillae  described  by  Professor 
Eutherford  are  the  sarcostyles  very  much  shrunken  by  the 
action  of  fixing  reagents,  and  are,  as  he  rightly  suggests,  hollow 
tubules ;  but  the  appearances  presented  by  them  in  the  shrunken 
state  in  which  he  observed  them  are  very  misleading,  imless  in- 
jberpreted  in  the  light  of  a  knowledge  of  the  structure  of  other 
types  of  muscle,  especially  of  the  insect's  wing  musclea  Pro- 
fessor Eutherford  himself  describes  a  slight  swelling  of  each 
segment  of  the  fibrillae  under  the  action  of  two  per  cent,  acetic 
acid.  This  is  only  the  first  stage  of  a  restoration  to  their  normal 
shape  that  may  be  produced  by  the  action  of  acids  on  them. 
Let  Professor  Eutherford,  or  anyone  who  wishes  to  convince 
himself  of  the  essential  accurtwy  of  my  description  of  this  type 
of  muscle,  fix  the  claw  muscles  of  a  crab  by  immersion  for  twenty- 
four  hours  in  two  per  cent,  chromic  acid  solution,  while  the 
adductor  muscles  are  kept  fully  extended  in  the  manner 
already  described.  Let  him  then  tease  out  a  few  slips  of  the 
muscles  in  water,  put  on  a  cover-glass,  and,  having  found  isolated 
fibrillae,  run  in  five  per  cent,  acetic  acid  under  the  cover-glaas. 
In  addition  to  the  slight  degree  of  swelling  that  he  has 
described,  every  degree  of  swelling  of  the  sarcomeres  up  to 
the  stage  of  restoration  to  their  normal  size  and  shape  may 
be  seen.     In  the  shnmken  fibrillae  the  end  discs  a  of  the  sar- 
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comeres  are  much  crumpled,  and  during  the  swelling  are  slowly 
drawn  out-  by  the  pull  of  the  bulging  side-^walls  of  the  sarcomeres.. 
In  specimeins  prepared  in  this  way  there  occur  many  sarcomeres, 
with  slightly  abnormal  shapes,  but  others  may  be  found  shqwing 
the  form  characteristic  of  every  stage  of  contraction^  exactly  as  I 
have  described  them  in  the  sarcomeres  of  insects'  wing  muscles. 
In  extended  sarcomeres  the  y,  )8,  and  y  discs  can  generally  be 
clearly  seen,  and  the  y  discs  can  generally  be  seen  to  be  bordered 
on  either  side  by  a  very  narrow  band  of  brightness,  that  seems  to 
be  comparable  to  the  halos  bordering  the  a  and  fi  discs.  And  in 
these  large  sarcomeres  (some  are  20  /x  in  length)  it  is  not  possible 
to  ascribe  the  appearance  of  the  line  y  to  some  illusory  optical 
effect,  as  might  be  done  in  the  case  of  small  sarcomeres  by  those 
who  refuse  to  accept  the  indirect  evidence  of  their  presenca  I 
hope  to  prepare  a  series  of  photographs  of  these  very  large  sar- 
comeres, that  shall  be  more  convincing  than  those  accompanying 
thia  paper. 

Prof.  Eutherford,  like  all  his  predecessors  in  this  field  of 
research,  has  applied  only  the  purely  histological  methods. 
There  may  be  some  who  will  look  with  suspicion  on  my 
account  of  the  structure  of  crossHStriated  muscle  because  the 
investigation  was  b^un  with  a  preconceived  idea  as  to  the  kind 
of  structure  to  be  found.  To  them  I  would  point  out  that  the 
number  of  competent,  and  even  eminent,  histologists  who  have 
devoted  years  of  research  to  this  subject  without  arriving  at  a 
definite  conclusion,  is  enough  to  show  that  the  purely  histological 
methods  used  by  them  are  inadequate  to  the  solution  of  the 
problem,  and  to  make  it  seem  highly  probable  that  without  the 
use  of  hypothesis  the  problem  never  would  have  been  solved. 


THE  EOLANDIC  AND  CALCAEINE  FISSUEES  — A 
STUDY  OF  THE  GROWING  CORTEX  OF  THE 
CEREBRUM.1  By  D.  J.  Cunningham,  F.RS.,  Professor 
of  Anatomy,  Trinity  College,  Dtthlin. 

FissuRB  OF  Rolando. 

A  STUDY  of  the  beautiful  work  on  cerebral  anatomy  which  has 
been  recently  published  by  Professor  Gustaf  Retzius*  has  led  me 
to  examine  anew  the  development  and  morphological  bearings  of 
the  fissure  of  Rolando.  In  my  previous  examination  of  this 
sulcus,  I  came  to  the  conclusion  that  the  fissure  of  Rolando 
exhibited  an  example  of  the  interrupted  form  of  fissural  develop- 
ment ;  and  in  the  memoir  ^  which  I  published,  I  held  that,  as  a 
general  rule,  it  appeared  in  two  pieces,  and  that  this  was  to  be 
regarded  as  the  typical  mode  of  development. 

Dealing  with  the  same  question,  Retzius  expresses  himself  as 
follows: — "When  the  norma  verticalis  (of  the  cerebrum)  is 
examined,  we  find  that  the  sulci  centrales  are  prolonged  nearer 
to  the  upper  border,  either  through  direct  growth  or  through 
the  occurrence  of  a  medial  pit,  which  Cunningham  has  first 
observed,  and  which  from  the  commencement  is  more  or  less 
directly  connected  with  the  lateral  furrow.  As  a  rule,  the  pit  in 
question,  if  it  occurs,  has  no  independent  formation,  but  first 
appears  as  a  stronger  medial  deepening  to  the  inner  side  of  the 
growing  central  furrow.  It  is,  moreover,  not  constant,  and, 
further,  does  not  exist  so  often  as  Cunningham  supposes ;  still 
it  is  worthy  of  note."  * 

At  first  sight,  there  might  appear  to  be  very  little  difference 
between  the  views  entertained  on  this  matter  by  Retzius  and 
myself.  Still,  from  what  he  says,  I  think  we  may  infer 
that  he  does  not  believe  that  the  fissure  of  Rolando  develops 

^  This  paper  was  read  at  the  June  meeting  of  the  Anatomical  Society  in  Dublin, 
and  was  illustrated  by  a  large  number  of  photographs.  It  was  prepared  under 
the  belief  that  the  meeting  was  to  be  honoured  by  the  presence  of  Professor 
Retzius,  of  Stockholm.  Unfortunately,  he  was  unable  to  be  present,  so  as  to  take 
part  in  the  discussion. 

'  Daa  Menscher^im,  Stockholm,  1896. 

'  Cunningham  Memoir  Ko.  VII. ,  Royal  Irish  Academy,  1892. 

<  Fide  p.  28. 
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typically  in  an  interrupted  manner,  and  that  when  it  does  so  the 
condition  is  to  be  looked  upon  as  an  occasional  deviation  from 
the  usual  and  normal  mode  of  development.  Of  course,  some 
may  think  that  the  question  at  issue  is  one  of  very  small 
moment.  It  is  necessary,  therefore,  to  insist  at  the  very  outset 
of  this  paper  upon  the  fact  that  small  points  in  cerebral  develop- 
ment often  possess  a  profound  morphological  and  physiological 
significance.  I  believe  this  to  be  case  in  the  present  instance. 
It  was  this  belief  that  induced  me  to  go  over  the  same  ground  a 
second  time,  and  the  result  of  my  re-investigation  has  been  that 
I  am  more  than  ever  confirmed  in  the  views  which  I  originally 
expressed. 

I  possess  forty-three  cerebral  hemispheres  within  the  period 
during  which  we  can  study  the  earlier  stages  of  the  development 
of  the  fissure  of  Eolando.  These  we  may  divide  into  two  groups, 
viz. — a  group  comprising  those  hemispheres  which  belong  to  the 
last  week  of  the  fifth  month  and  the  first  three  weeks  of  the 
sixth  month ;  and  a  second  group,  in  which  may  be  placed  those 
hemispheres  which  belong  to  the  last  week  of  the  sixth  month 
and  the  whole  of  the  seventh  month. 

Group  L — This  group  includes  twenty  hemispheres.  In  five  of 
these  there  is  not  a  trace  of  the  fissure.  In  eight  the  fissure  is 
present  in  the  form  of  a  single  faint  oblique  groove,  the  lower 
end  of  which  is  not  far  removed  from  the  upper  lip  of  the  Sylvian 
fossa,  whilst  the  upper  end  is  separated  from  the  superior  border 
of  the  hemisphere  by  a  wide  area  of  cortical  surface.  In  seven 
hemispheres  the  fissure  is  in  two  more  or  less  distinct  pieces. 
The  lower  piece  in  these  cases  is  linear ;  the  upper  piece  shows 
in  the  form  of  a  slight  depression — sometimes  extremely  feebly 
marked,  but  still  perceptible.  The  majority  of  the  hemispheres 
in  which  the  Eolandic  sulcus  is  double  belong  to  the  latter  part 
of  this  period. 

In  the  study  of  fissural  development,  it  must  always  be  borne 
in  mind  that  the  sulci  owe  their  origin  to  the  upheaval  of  the 
cerebral  cortex  on  either  side  of  the  appearing  sulcus,  and  that 
the  gyri  which  are  thus  formed  are  the  result  of  an  exuberance 
of  growth  in  localised  areas.  It  is  in  this  period,  therefore,  that 
the  two  central  convolutions  make  their  appearance,  and  towards 
the  end  of  the  sixth  month  they  become  very  prominent    In  a 
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large  proportion  of  cases  a  conspicuous  feature  of  the  cortex  at 
this  time  is  a  marked  rounded  elevation,  which  rises  from  the 
surface  between  the  two  pieces  of  the  fissure  of  Bolando.  As  a 
general  rule,  this  cortical  eminence  presents  a  faint  furrow  on  the 
summit,  which  connects  the  two  pieces  of  the  sulcus  and  divides 
the  elevation  superficially  into  two  portions,  one  of  which 
belongs  to  each  central  gyrus.  This  must  be  looked  upon  as 
an  area  of  intense  and  especially  exuberant  cortical  growth, 
and  in  the  adult  brain  it  is  afterwards  represented  by  the 
portions  of  the  central  gyri  which  bound  the  superior  genu  of 
the  Bolandic  sulcua  As  development  goes  on  this  cortical 
prominence  is  more  and  more  completely  cut  into  two  by  the 
deepening  of  the  furrow  which  connects  the  two  Rolandic  pieces. 
The  bridge  of  cortex  which  at  first  intervenes  between  the  two 
pieces  of  the  sulcus  gradually  sinks,  and  finally  disappears  from 
the  surface,  and  the  two  exuberant  lips  of  the  fissure  meet  over 
it,  and  are  usually  tightly  pressed  against  each  other :  indeed,  a» 
a  rule,  in  no  part  of  the  sulcus  are  the  bounding  banks  so  closely 
approximated.  No  one  who  confined  lus  investigation  to  a 
superficial  examination  of  the  sulcus  of  Solando  at  this  stage 
would  ever  suspect  that  it  had  originally  been  double. 

I  fully  recognise  that  in  my  previous  description,  in  using  the 
word  'independent'  in  connection  with  the  two  pieces  of  the 
developing  fissure  of  Bolando,  I  laid  myself  open  to  misconcep- 
tion. From  what  I  have  said,  it  will  be  seen  that  in  the  great 
majority  of  cases  the  two  segments  of  the  sulcus  appear  to  be 
connected  from  the  very  first  by  a  faint  intervening  furrow.  On 
this  point  I  accept  the  correction  of  Professor  Betziua  Still,  it 
must  be  observed  that  cases  do  occur  in  which  the  separation  is 
complete,  and  amongst  my  series  of  specimens  I  have  some  which 
show  this  condition. 

I  have  not  seen  a  single  instance  of  the  compensatory  furrow 
to  which  Betzius  seems  to  attach  some  importance.  The  r^on 
where  these  compensatory  furrows  can  be  best  studied  is  in  the 
neighbourhood  of  the  short  limbs  of  the  fissure  of  Sylviua 
When  one  or  other  of  these  is  absent,  its  place  is  not  unfre- 
quently  taken  by  a  most  deceptive  imitation  of  itself,  difiering 
from  it  only  in  the  fact  that  it  does  not  cut  right  through  the 
operculum. 
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Orowp  11. — In  this  group  there  are  twenty-three  hemispheres 
As  previously  stated,  these  belong  to  a  period  ranging  from 
the  last  week  of  the  sixth  month  to  the  end  of  the  seventh 
month.  In  twelve  the  fissure  of  Eolando  is  present  in  two 
more  or  less  distinct  parts:  in  four  the  exact  mode  in  which 
the  fissure  has  appeared  is  doubtful,  but  the  presumption  is  in 
favour  of  two  originally  more  or  less  completely  separated  parts ; 
in  seven  the  appearance  presented  by  the  surrounding  cortex 
leads  to  the  inference  that  in  these  cases  the  fissure  had  a  single 
and  not  a  double  origia 

It  is  in  the  early  part  of  this  period  that  the  two  portions  of 
the  cortical  eminence  which  intervenes  between  the  two  pieces  of 
the  developing  Bolandic  sulcus  becomes  particularly  conspicuous. 

But,  quite  apart  from  the  study  of  the  dififerent  phases  which 
are  assumed  by  the  sulcus  as  the  cortex  grows  and  the  central 
gyri  take  shape,  there  are  reasons  which  would  almost  lead  us 
by  analogy  to  infer  that  the  typical  mode  of  development  of  the 
Bolandic  fissure  is  by  two  parts.  The  praecentral,  the  Bolandic, 
and  the  postcentral  sulci  constitute  a  furrow-group,  the  three 
members  of  which  cannot  be  dissociated  from  each  other. 
They  are  well  termed  the  three  radial  *  Primarfurchen,*  and 
they  constitute  one  of  the  most  characteristic  features  of  the 
developing  human  brain.  Of  these,  the  praecentral  and  post- 
central sulci  unquestionably  develop  in  two  pieces,  and  it  is 
natural  to  suppose  that  the  Bolandic  furrow  should  show  a 
similar  tendency. 

Evidence  as  to  the  double  origin  of  the  Bolandic  fissure  is 
likewise  present  in  the  adult  brain.  If  we  open  up  the  sulcus 
widely,  we  find  in  the  neighbourhood  of  the  superior  genu  either 
a  distinct  deep  annectant  gyrus,  or  a  shallowing  of  the  furrow 
with  a  strong  interlocking  of  the  adjacent  walls.  The  annectant 
gyrus  and  the  shallowing  represent  the  bridge  of  cortex  which 
in  the  early  stage  separates  the  two  original  parts  of  the  fissura 
The  specially  strong  dovetailing  of  the  two  central  gyri  in  this 
situation  indicates  the  exuberance  of  cortical  growth  which  from 
a  very  early  period  is  manifest  at  this  point,  and  which  in  the 
young  growing  cerebrum  takes  the  form  of  the  marked  promi- 
nence already  alluded  to. 

The  foetal  brain  does  not  completely  fill  up  the  cranial  capsule. 
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A  space  of  some  width,  occupied  by  subarachnoid  fluid,  exists 
between  the  surface  of  the  cerebrum  and  the  wall  of  the  cranium. 
Consequently,  as  particular  areas  of  the  cortex  grow  and  fore- 
shadow the  future  gyri,  they  suffer  no  restriction,  and  they  take 
the  form  of  eminences  which  rise  from  the  general  surface  level 
of  the  cerebral  hemisphere.  As  growth  goes  on,  however,  and  as 
the  brain  gradually  assumes  a  bulk  more  nearly  in  accord  with 
the  cavity  of  the  cranium,  the  space  for  extension  becomes  more 
limited,  and  the  gyral  elevations  are  pressed  together  and  assume 
the  ordinary  convolutionary  forms.  So  far,  then,  we  can  say 
that  the  enclosing  skull  capsule  affects  the  surface  pattern  of  the 
cerebrum.  And  by  allowing  it  this  amount  of  influence,  we  can 
account  for  the  difference  in  the  inclination  of  the  furrows  in 
brachycephalic  and  dolichocephalic  heads.  Where  a  marked 
exuberance  of  growth  exists,  as  in  the  neighbourhood  of  the 
superior  genu  of  the  Rolandic  sulcus,  the  redundant  cortex  takes 
the  form  of  deep  interlocking  gyri  which  spring  from  the  opposed 
surfaces  of  the  convolutions  bounding  the  fissura 

It  is  a  matter  of  extreme  interest  to  note  that  in  certain  rare 
cases  the  deep  annectant  gyrus  which  is  occasionally  seen  at  the 
bottom  of  the  Eolandic  sulcus  at  the  level  of  the  superior  genu 
remains  permanently  on  the  surface,  and  in  the  adult  brain 
completely  separates  the  two  original  pieces  of  the  sulcus  from 
each  other.  This  condition  was  first  observed  by  Wagner^  in  the 
brain  of  Prof.  Fucha  Heschl,*  who  investigated  the  matter  in  a 
very  thorough  manner,  found  the  interrupted  form  of  the  fissure 
only  six  times  in  2174  hemispherea  Eberstaller*  met  with  the 
anomaly  twice  in  200  braina  Zernoflf*  has  figured  and  described 
one  case ;  F^re^  has  seen  two  examples  of  the  condition ;  whilst  at 
a  recent  meeting  of  the  Anatomical  Section  of  the  Eoyal  Academy 
of  Medicine  in  Ireland,  Prof.  Fraser  announced  that  a  case  had 
occurred  in  his  department,  but  he  did  not  exhibit  the  brain,  nor 

^  Vorstudien  zu  einer  kii/nfligen  wiasenseJuiftliehen  Morphologie  und  Physio- 
logie  dea  mensMichen  Gehims  als  Seelenorgans,  2  Abh.,  1862,  Tab.  1,  p.  14. 

^  *'  Die  tiefen  Windungen  des  Menschlichen  Grosshims  nnd  die  Uberbriickmig 
der  Centialftirohe,"  fFiener  Medieiniacher  fFoehenschrift,  1877,  No.  41. 

*  Das  Stimhim,  1890. 

*  **  A  rare  case  of  Change  of  Form  of  the  Rolandic  Furrow  and  Central  Con- 
volutions,'*  Moscow,  1887. 

B  "  Anomalies  du  Cerveau,"  BuUetin  de  la  SoeUU  anaUmiqus  de  Paris,  1876. 
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did  he  show  any  illustration  of  it.  As  for  myself,  although  I  have 
been  on  the  constant  outlook  for  an  example  of  this  interesting 
form  of  the  fissure  of  Bolando,  I  have  never  been  so  fortunate  as 
to  secure  a  brain  in  which  it  was  present  In  one  of  the  negro 
brains  in  my  possession,  however,  a  very  near  approach  to  the 
complete  separation  of  the  two  parts  of  the  sulcus  is  to  be  seen. 
The  deep  annectant  gyrus  is  almost,  but  not  quite,  on  the  surface. 

This  rare  anomaly  of  the  fissure  brings  out  more  forcibly  the 
analogy  which  I  believe  to  exist  between  the  Rolandic,  prsecentral, 
and  postcentral  sulci.  As  I  have  said,  it  would  seem  that  the 
typical  mode  of  development  of  each  of  these  furrows  is  in  two 
parts,  viz.,  a  long  lower  and  a  short  upper  part.  As  a  rule, 
the  two  portions  of  the  prsecentral  sulcus  remain  permanently 
separate,  and  constitute  the  sulcus  prsecentralis  superior  and  the 
sulcus  prsecentrahs  inferior  of  descriptive  anatomy.  In  the  case 
of  the  postcentral  sulcus  the  tendency  is  for  the  two  pieces  to 
run  into  each  other  and  fuse,  although  the  point  of  junction  is 
usually  indicated  at  the  bottom  of  the  furrow  by  the  presence  of 
a  deep  annectant  gyrus.  Still,  in  19  per  cent  of  the  hemispheres 
which  I  have  examined  the  two  pieces  of  the  postcentral  sulcus 
remain  permanently  separate  and  distinct,  and  this  is  the  condi- 
tion which,  in  his  original  description  of  the  intraparietal 
furrow.  Sir  William  Turner  regarded  as  typical.  In  the  Eolandic 
sulcus,  the  connection  between  the  two  pieces  is  still  more 
intimate.  In  many  cases,  and  even  not  unfrequently  in  the 
developing  brain,  the  double  nature  of  the  sulcus  is  not  recog- 
nisable. Again,  in  hemispheres  in  which  the  furrow  has 
undoubtedly  originated  in  the  typical  manner,  the  fusion  may 
become  so  complete  that  the  only  trace  of  the  junction  is  a 
slight  shallowing  of  the  sulcus  and  an  interlocking  of  the 
bounding  gyri  at  the  point  of  junction.  In  only  -03  per  cent. 
(Heschl)  of  cases  do  the  two  pieces  remain  permanently  separate. 

Heschl,  in  the  article  already  quoted,  insists  upon  the  import- 
ance of  a  close  study  of  the  deep  annectant  gyri  of  the  human 
brain,  and  carried  out  a  most  elaborate  and  thorough  investi- 
gation into  the  various  conditions  presented  by  the  deep  gyrus 
which  is  occasionally  present  at  the  junction  of  the  upper  and 
middle  thirds  of  the  fissure  of  Bolando.  As  Eetzius  does  not 
allude  to  his  results,  I  am  induced  to  reproduce  them  here,  seeing 
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that  they  have  a  direct  bearing  on  the  question  at  issue.  Heechl' 
says: — "Ich  habe  die  von  mir  nadi  und  naoh  au^fundenea 
Tiefen-Windui^n  mit  griechischen  Buchstaben  bezeichnet  xuxd 
zwar  die  in  Hede  stehende  mit  a.  Es  musste  nun  weiter  ge-: 
Bchloasen  werden,  dass  a  in  alien  Graden  der  Ausbildungvorkom- 
men  mlisse  und  dass  ein  Fall  von  totaler  Unterbrechung  von  O 
durch  dieselbe  nicht  gar  lange  bei  syBtematischem  Nachsuchen 
auf  sich  warten  lassen  werde,  das  bestatigte  sich  denn  auch  und 
ich  gebe  im  Nachstehenden  das  Besultat  meiner  Aufzeidinungen. 
Ich  fand  Folgendes : 


Gehirne. 

G.  gmns  liber- 
briiokt. 

a  i-i  hock. 

a  i-i  hoch. 

rechts. 

links. 

redkts. 

Ih&s. 

rechts. 

NIB         1               1 

links. 

Mannliche 
682  Falle 

8 

2 

9 

I« 

19 

20 

Weibliche 
465  Falle 

1 

— 

17 

25 

17 

19 

N.B. — Die  Falle  mit  gam  geringen  Erhehunge$^  sind  mickt  notiri  leentoi." 

Eberstaller,!  who  is,  without  exception,  the  most  acute  observer 
who  has  of  recent  years  taken  part  in  cerebral  investigation,  is 
still  more  fully  impressed  with  tihe  fact  that  the  deep  gyri  of  the 
human  brain  convey  lessons  of  the  most  far-reaching  importance. 
Prior  to  his  investigations,  other  authors,  such  as  Gratiolet, 
Heschl,  and  Wernicke,  had  called  attention  to  the  deep  gyri  in 
certain  restricted  regions  of  the  cortex,  but  Eberstaller  lays  stress 
upon  the  fact  that  they  are  met  with  in  all  localities,  and  further, 
that  they  exist  in  all  stages  of  formation,  "  from  tooth-like  inter* 
locking  crenations  or  weak  projections  at  the  bottom  of  a  furrow, 
to  a  completely  superficial  sinuous  bridge,  which  crgsBes  a  furrow 
which  in  other  circumstances  is  single."    I  am  doubtful  if  we 

1  "Znr  Oberflachen-Anatomie  der  Grosshim-Hemisph&ren,"  WUn^  Meditu^ 
iiche  BUitter,  April  1884,  Na  16. 
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shotdd  in  all  cases  class  the  interlocking  tooth-like  gyri  of  the 
adjacent  lips  of  a  furrow  with  deep  annectant  gyri.  This  dove- 
tailing within  a  fissure  may  have  another  explanation,  and  be 
due  rather  to  an  exuberant  growth  of  the  cortex  on  either  side  of 
this  portion  of  a  furrow. 

I  have  been  led  to  refer  to  the  general  question  of  deep  annec- 
tant gyri  because  a  close  study  of  the  memoir  of  Betzius  has  left 
on  my  mind  the  impression  that  the  author  somewhat  imder- 
rates  their  morphological  value.  With  Eberstaller,  I  hold  the 
view  that  they  constitute  one  of  the  great  and  distinctive  char- 
acters of  the  human  brain.  In  the  uniform  smooth-walled 
fissures  of  the  cerebrum  of  a  lower  ape  they  are  rare,  so  rare 
that,  except  in  the  case  of  the  '  Affenspalte '  and  the  calloso- 
marginal  sulcus,  they  might  almost  be  disregarded.  In  the 
Anthropoid  ape  they  are  encountered  in  certain  fissures,  such  as 
the  '  Affenspalte,'  the  intraparietal,  the  Eolandic,  the  calloso- 
marginal,  etc.  In  man,  on  the  other  hand,  they  are  found  in  the 
majority  of  fissures  and  on  all  aspects  of  the  brain,  and  their 
presence  would  seem  to  indicate  the  decided  and  special  ten- 
dency which  the  human  brain  presents  towards  the  interrupted 
form  of  fissural  development ;  consequently  those  who  study  the 
cerebral  surface  must  subject  the  interior  of  the  sulci  to  the 
closest  scrutiny. 

The  views  which  I  entertain  r^arding  the  fissure  of  Solando 
are  concisely  expressed  in  the  following  summary : — 

1.  The  typical  mode  of  development  of  the  sulcus  of  Bolando 

is  in  two  more  or  less  separate  and  distinct  piece& 

2.  Judging  from  the  specimens  in  my  possession,  this  would 

likewise  appear  to  be  the  more  usual  mode  of  develop- 
ment At  the  same  time,  it  would  be  wrong  to  deny 
that  in  several  cases  the  sulcus  appears  to  develop  in 
one  single  piece,  whilst  there  are  other  cases  in  which, 
owing  to  the  early  close  closure  of  the  lips,  it  is  impos- 
sible to  say  whether  the  fissure  has  originated  in  a  single 
or  a  double  fashion. 

3.  The  double  or  interrupted  mode  of  development  of  the 

Bolandic  sulcus  indicates  a  parallelism  with  the  mode 
of  development  of  the  two  other  furrows  of  the  same 
group,  viz.,  the  prsecentral  and  the  postcentral  sulci 
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This  furrow  group  constitutes  one  of  the  leading  pecu- 
liarities of  the  primate  cerebrum. 
4.  The  interrupted  form  of  fissural  development  bespeaks  a 
higher  type,  and  is  peculiarly  characteristic  of  man. 

But  it  appears  to  me  that  a  physiological  interpretation  can  be 
put  upon  the  different  phases  which  are  assumed  in  the  process 
of  development  by  the  Rolandic  sulcus  and  its  two  bounding 
gyri.  The  cortical  elevations  which  rise  on  the  surface  of  the 
cerebrum,  and  which  foreshadow  the  future  gyri,  are,  as  we  have 
already  stated,  undoubtedly  due  to  exuberant  growth  in  localised 
areas.  But  functions  of  different  kinds  are  localised  in  different 
districts  of  the  cortex.  It  is  true  that  these  functional  areas 
overlap  each  other  to  a  considerable  extent,  but  the  central  part 
of  each  may  be  considered  to  represent  the  portion  of  the  cortical 
fimctional  area  in  which  there  is  the  greatest  purity  of  function, 
and  in  which  the  functional  activity  is  the  most  intensa  There 
cannot  be  a  doubt  that  fimctional  development  and  cortical 
growth  go  hand  in  hand ;  and  that,  when  we  see  an  area  of  the 
cortex  rising  up  to  form  an  eminence,  we  may  conclude  that  the 
growth  in  the  area  concerned  bespeaks  potential  functional 
activity  of  an  acute  kind. 

When  we  apply  this  to  the  fissure  of  Rolando  and  its  two 
bounding  gyri,  the  appearance  of  the  sidcus  in  two  parts  may  be 
explained  by  the  fact  that  in  connection  with  its  lower  part  are 
developed  the  upper  limb  centres,  whilst  grouped  on  either  side 
of  its  upper  third  are  the  lower  limb  centres.  The  earlier 
appearance  of  the  lower  part  of  the  fissure  may  also  be  accounted 
for  by  the  fact  that  the  upper  limb  buds  out  before  the  lower 
limb,  and  throughout  the  whole  of  its  early  development  keeps 
steadily  in  advance  of  the  lower  limb.  It  is  reasonable  to 
suppose,  therefore,  that  the  centres  for  the  upper  limb  will 
appear  before  those  for  the  lower  limb,  and  in  this  way  map 
out,  in  the  first  instance,  the  lower  part  of  the  Bolandic 
sulcu& 

The  high  elevation  which  in  the  early  cerebrum  lies  be- 
tween the  two  pieces  of  the  Bolandic  sulcus,  and  which  after- 
wards corresponds  to  the  portions  of  the  central  gyri  which 
bound  the  superior  genu  of  the  fissure,  occupies  very  much  the 
position  at  which  the  ankle  and  foot  centres  merge  into  the 


THE  BOLAKDIC  AND  GALCABINE  HSSUBES.  695 

shoulder  centre.    It  is  difficult  to  account  for  the  great  exuber- 
ance of  cortical  growth  at  this  spot,  but  perhaps  those  who  are 
engaged  in  localisation  research  may  have  some  explanation  to 
offer.    Another  point  which  requires  consideration  consists  in 
the  greater  growth  energy  of  the  postcentral  gyrus  than  the  prse- 
central  gyrus.    In  the  lower  part  of  the  fissure,  as  Heschl  and 
Eberstaller  have  pointed  out,  the  posterior  central  convolution 
becomes  actually  to  some  extent  opercular,  and  overlaps  in  some 
degree  the  anterior  central  convolution.     In  the  foetal  brain, 
before  the  gyral  elevations  become  pressed  together,  and  all 
assume  a  more  or  less  uniform  surface-level,  the  prominence  of 
the  postcentral  gyrus,  due  to  redundant  growth,  is  very  marked. 
Owing  to  the  higher  functions  which  the  upper  limb  and  hand 
have  to  perform,  it  is  natural  to  expect  that  the  portions  of  the 
gjrri  in  which  their  centres  lie  should  show  a  greater  exuberance 
than  the  portions  of  the  gyri  allotted  to  the  lower  limbs.     To 
this  circumstance  may  be  due  the  opercular  character  of  the 
posterior  central  convolution  in  the  region  of  the  arm  centres, 
and  also  the  great  depth  of  the  middle  third  of  the  fissure  of 
Bolando. 

I  have  not  considered  it  necessary  in  the  present  instance  to 
figure  the  different  stages  of  the  development  of  the  fissure  of 
Bolando,  seeing  that  in  my  memoir  on  the  cerebral  surface  I 
have  given  a  large  number  of  illustrations  of  the  Bolandic  area 
at  different  periods  of  growth. 

Calcabine  Fissube. 

Betzius  also  hesitates  to  accept  certain  of  the  views  which  I 
have  advanced  in  regard  to  the  development  and  morphology  of 
the  calcarine  fissure.  He  says :  "  In  the  latter  half  of  the  fifth 
month,  and  still  more  in  the  sixth  month,  the  calcarine  and 
parieto-occipital  fissures  grow  outwards  towards  the  mantle- 
border,  and  not  unfrequently  it  happens,  but  by  no  means  as  a 
rule,  that  behind  the  first  rudiment  of  the  calcarine  fissure  a  new 
small  furrow  element  arises,  which  gradually  unites  with  the 
front  element  and  represents  the  outer  part  of  the  calcarine 
fissure  in  the  adult  brain.  This  appearance,  upon  which 
Cunningham  lays  considerable  stress,  sometimes  occurs;  still,  I 
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do  not  believe  that  such  a  fundamental  difference  between  the 
fore  and  hinder  parts  of  the  fissure  can  be  recognised  as  Cun- 
ningham sees.  The  front  part  grows  at  least  as  often  without  a 
hinder  addition,  and  forms  itself  its  hinder  part" 

A  careful  study  of  my  specimens  has  shown  me  that  I  have 
little  to  add  to  what  I  have  already  written  on  this  subject; 
and  I  also  find  that,  even  with  Setzius'  great  atlas  before  me,  I 
do  not  wish  to  modify  any  of  the  statements  I  have  previously 
mada  The  matter  is  not  so  simple  and  strai^tforward  as 
Betzius  seems  to  think.  There  is  no  part  of  the  cerebral 
surface  which  is  more  puzzling  in  its  mode  of  development,  and 
the  subject  cannot  be  dismissed  in  the  summary  way  adopted 
by  Retzius.  It  was  only  after  several  yeais  of  study  and  much 
groping  in  the  dark  that  the  views  I  now  entertain  took  form. 
A  considerable  difference  will  be  observed  between  the  state- 
ments made  on  tins  subject  in  the  article  which  I  published  ^  on 
the  complete  cerebral  fissures  in  1890  and  those  which  I  made 
two  years  later  in  my  memoir  on  the  cerebral  surface.  It  is 
very  possible  that  Retzius'  views  may  undergo  a  similar  process 
of  evolution;  and  to  hasten  this  result,  I  have  sent  to  him 
photographs  of  several  of  the  more  characteristic  of  my  speci- 
mens. 

The  anterior  portion  of  the  calcarine  fissure  (fissura  calcarina 
anterior)  is  formed  at  an  early  date,  and  is  a  complete  fissure.  In 
the  adult  its  hinder  part  is  responsible  for  the  elevation  in  the 
posterior  horn  of  the  lateral  ventricle,  which  is  known  in  descrip- 
tive anatomy  as  the  hippocampus  minor,  or  the  calcar  avi&  The 
posterior  portion  of  the  fissure  (fissura  calcarina  posterior)  appears 
later,  and  is  to  be  looked  upon  as  a  secondary  sulcus,  added  on  to 
the  primary  fissure.  Anyone  who  opens  up  the  adult  fissure  can 
see  the  difference  between  its  two  parts,  and  several  of  the  figures 
given  by  Setzius  of  the  adult  brain  afford  evidence  of  thi&  The 
posterior  secondary  part  of  the  calcarine  fissure  is  typically  de- 
veloped in  two  piece&  These  usually  appear  as  two  dimples  or 
depressions,  of  which  one  is  placed  on  the  extreme  point  of  the 
occipital  pole,  whilst  the  other  lies  midway  between  this  and  the 
primary  fissura  Ultimately,  furrows  connect  the  several  parts ; 
and  as  these  deepen,  the  adxdt  continuous  form  of  the  fissure  is 

^  Journal  of  Anatomy  and  Physiology ^  vol.  xzir.  p.  309, 1890. 
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attained  Under  ordinary  circumBtances,  the  intervening  por- 
tions of  cortex,  which  are  thus  borne  down  into  the  interior  of 
the  fissure,  can  be  distinguished  in  the  adult  brain  in  the  form  of 
two  deep  annectant  gyri,  which  I  have  termed  the  anterior  and 
posterior  cuneo-Iingual  gjrri  Very  frequently  the  terminal  de- 
pression or  dimple,  which,  as  a  rule,  joins  with  the  remainder  of 
the  fissure,  and  forms  its  forked  extremity,  remains  separate,  and 
the  posterior  cuneo-Ungual  gyrus  is  retained  on  the  surface.  The 
significance  of  this  piece  of  the  fissure  appears  to  have  escaped  the 
attention  of  Betzius.  In  plate  xx.  figure  6  he  figures  it,  and  calls 
it  in  the  letterpress  attached  to  the  plate  a  compensatory  furrow. 
So  it  is  in  a  way,  but  it  is  a  compensatory  furrow  which  is  ahnost 
constantly  present,  and  which  in  cases  of  typical  development  is 
linked  on  to  the  calcarine  fissure  as  its  forked  extremity.  In 
plate  IxxxiL  fig.  2,  and  plate  xciiL  fig.  2,  Betzius  gives  repre- 
sentations of  the  adult  cerebrum,  in  which  this  piece  of  the 
secondeiry  fissura  calcarina  posterior  remains  separate.  It  is  cut 
off  from  the  rest  of  the  fissure  by  a  superficial  posterior  cuneo- 
lingual  gyrua 

It  is  evidently  to  the  anterior  of  the  two  depressions  which  go 
to  form  the  hinder  secondary  part  of  the  fissure  that  Betzius 
refers  when  he  speaks  of  a  *  new  small  furrow  rudiment,'  which  is 
not  unfrequently  present,  *  but  by  no  means  as  a  rule.'  I  have 
never  asserted  that  this  was  invariably  present,  but  I  do  insist 
that  at  the  stage  of  evolution  at  which  the  human  brain  has 
reached  it  is  to  be  regarded  as  a  typical  element  of  the  fissure. 
Further,  in  the  large  majority  of  foetal  brains  of  this  period  which 
I  possess,  it  is  clearly  and  distinctly  seen.  In  the  figures  given 
by  Betzius  the  early  stages  of  the  development  of  the  calcarine 
fissure  are  very  beautifully  illustrated,  but  in  several  of  the  figures 
the  later  stages  are  not  so  well  represented.  It  is  possible  that 
in  the  process  of  preparation  some  of  the  fainter  markings  have 
been  obliterated. 

So  far,  we  have  dealt  to  a  large  extent  with  matters  of  fact,  and 
therefore  I  have  spoken  with  a  considerable  amount  of  confidence ; 
but  the  morphological  views  which  I  have  advanced  in  r^ard  to 
the  homologies  which  exist  between  the  calcarine  fissure  of  man 
and  that  of  the  ape  are  to  some  extent  speculative,  and  it  is  not 
to  be  expected  that  aU  observers  will  r^rd  the  question  from  the 
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same  standpoint.  I  am  not  surprised,  therefore,  that  BetzlDS 
should  express  himself  doubtful  on  this  matter.  It  would  have 
been  more  satisfactory,  however,  if  he  had  discussed  the  evidence, 
and  had  made  some  attempt  to  explain  the  several  anomalous 
conditions  which  so  frequently  occur  in  this  r^on,  and  many  of 
which  I  believe  to  represent  reversions  to  an  apelike  condition  of 
the  furrow. 


CASE  OF  ANOMALOUS  KIDNEY  AND  UEETER 

By  T.  W.  P.  Lawrence. 

The  specimen  of  which  this  is  a  description  was  taken  from  a 
patient  under  the  care  of  Dr  Bradford,  to  whom  I  am  much 
indebted  for  kindly  placing  it  at  my  disposal. 

The  patient,  a  boy  aetat.  16  years,  died  from  tuberculous 
meningitis.  At  the  post-mortem  examination  the  left  kidney 
was  found  to  be  hypertrophied  (weighing  7f  ounces),  but  no 
other  abnormality  was  present  on  that  side.  On  the  right  side 
the  suprarenal  body  occupied  the  normal  position,  but  the 
kidney  and  renal  artery  were  apparently  absent.  On  dissect- 
ing out  the  branches  of  the  lower  part  of  the  aorta,  however,  a 
small  renal  artery  was  found,  measuring  scarcely  2  mm.  in 
diameter,  and  rather  more  than  an  inch  in  length  (fig.  1).  It 
arose  from  the  right  side  of  the  aorta,  at  a  point  half  an  inch 
above  the  bifurcation,  and  passing  transversely  outwards,  ended  by 
dividing  into  five  branches  to  the  kidney.  The  measurements  of 
the  kidney,  which  was  situated  in  the  lower  lumbar  region, 
were :  length,  1  inch  ;  breadth,  §  inch  ;  thickness,  J  inch.  The 
shape  was  somewhat  triangular ;  the  upper  part  of  the  organ 
tapering  to  a  point  corresponding  to  the  point  of  termination  of 
the  renal  artery,  and  receiving  the  branches  of  that  artery.  Two 
of  the  branches,  situated  rather  anteriorly  in  relation  to  the 
others,  passed  almost  immediately  into  the  apex  of  the  kidney : 
two  of  them  passed  down  the  inner  and  outer  borders,  and 
entered  the  organ  about  one-fifth  of  its  length  down;  the 
remaining  branch  passed  down  the  middle  of  the  postero- 
internal surface,  and  entered  at  about  the  mid-point  of  the 
surface.  These  five  branches  were  in  close  apposition  to  the 
upper  part  of  the  organ,  which  was  thin  and  flattened  in  com- 
parison with  the  more  rounded,  thicker,  and  somewhat  lobulated 
lower  part.  From  the  poster o-internal  surface  issued  two  pairs 
of  tubes :  of  the  inner  pair  one  tube  arose  from  near  the  upper 
extremity,  the  other  from  near  the  lower  angle.  The  outer  pair 
arose  one  tube  above  the  other,  and  much  closer  togethei,  from 
near  the  middle  of  the  surface.    These  tubes  united  to  form  two 
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tubes  of  about  2  to  2J  mm.  in  width,  which  on  beii^  traced 


If.,.,. 

Fig.  1.  (u&t.  size).    A,  Poaterior.    B,  Anterior. 
downwards  were  found  to  paas  hekivd  the  common  Uiac  vein  and 
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the  common  iliac  artery y  and  after  a  course  of  one  inch  and  a 
quarter,  united  to  form  a  single  tube,  measuring  4  mm.  in 
diameter  at  its  upper  part.  This  tube  (a),  thick-walled, 
especially  at  its  lower  part,  is  to  be  regarded  as  the  pelvis  of 
the  ureter:  it  passed  down  in  the  pelvic  cavity  towards  the 
base  of  the  bladder,  became  somewhat  narrower  at  its  middle 
part,  but  wider  again  and  also  flattened  and  twisted  in  its  lower 
third,  where  it  had  a  width  of  6  mm.  After  a  course  of  3^ 
inches,  it  terminated  at  the  level  where  the  vas  deferens  crosses 
the  ureter,  by  abruptly  contracting  to  a  narrow  thin-walled 
tube,  measuring  not  more  than  1^  mm.  in  width.  Of  the  latter 
tube  (h),  which  is  to  be  r^arded  as  the  ureter,  only  ^  inch  is 
present  in  the  specimen ;  the  condition  of  the  terminal  part  of 
the  ureter,  with  its  orifice,  together  with  the  internal  appearances 
of  the  bladder  and  urethra,  were  not  observed. 

The  testicles  were  normal,  also  the  vasa  deferentia  and  lower 
part  of  the  bowel :  there  were  no  other  abnormalities  present  in 
the  body. 

The  causes  of  congenital  atrophy  of  the  kidney  are  anatomical 
or  pathological :  hypoplasia  or  incomplete  development  and  con- 
genital smallness  of  the  renal  artery  are  given  as  anatomical 
causes. 

The  present  specimen  is  of  interest  in  four  respects :  (1)  as 
enabling  as  to  locate  the  primary  cause  of  the  atrophy,  in  this 
instance,  in  the  ureter,  mainly  if  not  entirely,  and  conse- 
quently (2)  as  rendering  clearer  the  relationship  between 
atrophic  conditions  of  the  kidney  and  the  malformations  of  the 
genital  canals  and  lower  bowel  so  frequently  found  associated 
with  them,  through  the  close  anatomical  connection  of  the 
ureter  with  those  structures,  in  the  cloacal  region ;  and  (3)  as 
suggesting  the  possibility  of  an  intimate  relationship  between 
certain  forms  of  displacement  atrophy  and  absence  of  the  kidney. 

Assuming  that  the  view  regarding  the  tube  a  as  renal  pelvis 
and  the  tube  b  as  ureter  is  correct,  it  follows  that  the  ureter  is 
abnormally  short,  and  that  the  lower  end  of  the  renal  pelvis  has 
been  held  down  close  to  the  bladder  during  the  growth  of  the 
trunk.  On  the  other  hand,  the  kidney,  although  a '  low-level 
kidney '  (that  is,  one  receiving  its  main  blood-supply  at  a  lower 
level  than  normal),  has  not  been  drawn  down  out  of  the  lumbar 
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region  by  the  shortness  of  the  ureter;  conflequently,  the  distance 
between  Iddney  and  ureter  has  been  abnormally  increased,  and 
the  calices  and  renal  pelvis  have  been  subjected  to  a  longitudinal 
strain.  As  evidences  of  such  tension  in  the  pelvis  are  its 
elongation  to  a  length  exceeding  what  is  found  even  in  the 
adult,  and  the  narrow  tubular  form  which  it  has  taken.  (The 
spiral  twisting  of  its  lower  end  is  probably  due  to  the  inequality 
of  tissue  growth  which  normally  occurs  between  the  upper  and 
lower  borders  of  the  pelvis,  causing  the  former  to  be  lot^r  than 
the  latter.)  Also,  an  increase  in  fibrous  tissue  has  taken  place 
in  the  tissues  of  the  pelvis,  and  this  may  be  regarded  as  addi- 
tional evidence  of  tension,  fibrous  or  fibro-elastic  tissue  being 
that  which  is  developed  regularly  wherever  a  stretching  force 
has  to  be  borne. 

The  structure  opposing  the  downward  tension  is  the  renal 
artery,  not  only  at  its  point  of  or^in,  but  probably  also  along 
its  whole  length,  through  pres- 
sure against  the  hinder  abdo- 
minal wall,  such  pressure  in  all 
probability  being  exerted  by  the 
poetero-intemal  surface  of  the 
upper  part  of  the  kidney  also. 
The  longitudinal  strain  on  the 
renal  artery  has  resulted  in 
great  thickening  of  the  external 
coat  (fig.  2). 

At  the  kidney  the  first  effect 
Fit".  2-  of  the  traction  would  be  felt  at 

the  point  of  entry  of  the  lowest  arterial  branch  :  strain  on  the 
branches  above  this  would  for  a  time  be  relieved  by  tilting  in- 
wards of  the  upper  end  of  the  kidney  (with  a  resulting  tendency 
to  bring  the  arterial  branches  into  one  plane,  as  in  the  specimen), 
by  the  strain  at  first  being  transmitted  through  the  lowest  arterial 
branch,  and  also  by  a  yielding  of  the  renal  tissues  in  such  a  way 
that  the  upper  part  of  the  kidney  failed  to  fold  downwards  to 
enclose  the  upper  end  of  the  sinus,  the  highest  arterial  branches 
consequently  passing  directly  into  the  upper  extremity  of  the 
gland  (Possibly,  also,  some  actual  stretching  of  the  kidney- 
substance  may  have  taken  place.) 
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The  portioQ  of  kidney  lying  below  and  outside  the  insertioQ  of 
the  lower  calices  obviously  does  not  lie  in  the  line  of  tension,  and 
this  part  has  folded  round  to  form  the  lower  part  of  the  ainus  in 
the  normal  way,  aa  a  section  shows.  The  point  where  tension 
would  be  most  severely  felt  by  the  arteries  is  evidently  where 
the  lowest  bruich  crosses  the  lowest  calyx,  where  no  tilting  of 
Ute  kidney  or  yielding  of  its  substance  could  take  place.  Conse- 
qaently,  on  microscopical  examination  of  the  lower  and  outer 
part  of  the  kidney, — lyii^  outside  the  line  of  strain,  but  the 
arterial  supply  of  which  must  have  been  severely  influenced, — a 
condition  of  simple  and  complete  atrophy  is  found  (fig.  3) :  the 


Fig.  8. 

proper  kidney-substance  is  absent,  and  in  its  place  is  a  convoluted 
layer  of  dense  connective  tissue,  almost  granular  in  appearance, 
and  devoid  of  vessels  and  tubules. 

The  upper  portion  of  the  kidney,  lyii^  in  the  line  of  strain, 
and  in  which  the  arterial  supply  is  less  severely  affected, 
exhibits  (fig.  4)  relatively  great  increase  of  connective  tissue, 
a  considerable  degree  of  vascularity,  and  renal  tubules  in  scanty 
numbers.  No  formation  of  pyramids  is  evident,  but  the  tubules, 
apparently  directly  continued  from  the  calices,  undei^  branch- 
ing as  their  course  towards  the  surface  of  the  organ  is  pursued, 
and  terminate  in  a  narrow  layer  of  small  irregular  tubules , 
without  apparent  lumen,  lying  close  beneath  the  capsule  of  the 
gland.  No  convoluted  tubules  are  present,  nor  any  signs  of 
Malpighisn  glomeruE 

The  presence  of  tension  is  therefore  evidenced  by  several  facts, 
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and  the  atrophy  or  total  disappearance  of  all  trace  of  renal  tissue 
in  a  Ivge  part  of  the  oi^an  may  be  attributed  to  it :  whether 
the  absence  of  convoluted  tabulea,  glomeruh,  and  pyramids  in 
the  remaining  part  of  the  kidney  is  due  to  the  same  cause,  or  to 
defective  development  affectii^  not  only  the  ureter  but  also  the 
upper  ramifications  of  that  tube,  hindering  the  junction  of  the 
connecting  tubules  with  Uioee  parte  of  the  gland  contributed 
by  the  intermediate  cell-mass,  with  reeulting  disappearance  of  the 
latter,  is  not  evident. 


Pio.  4. — b,  vsBseb  ;  (,  tnboles  j  e,  rtroma ;  c,  cafcnlB. 

The  factOFB  producing  the  tension,  in  the  specimen  are  the 
normal  growth  of  the  trunk  and  the  defective  development  and 
growth  of  the  ureter  ('  normal  development '  being  defined  as  the 
elongation  upwards  of  tiie  tube  from  the  base  of  the  Wolffian 
duct  to  the  normal  kidney-level :  '  normal  growth '  as  the 
elongation  of  the  tube  in  correspondence  with  the  elongation  of 
the  trunk,  so  that  its  length  shall  tbroi^out  the  period  of 
body-growth  be  exactly  that  required  by  the  already  determined 
and  fixed  kidney-level). 

When  the  upward  development  of  the  ureter  is  defective  in  the 
foetus  (fig.  5)  (A),  but  subsequent  growth  of  the  tube  is  adequate, 
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a  typical  case  of  low-level  kidney  reaulte,  the  only  deformitieB 
preaent  being  the  low  position  of  the  kidney  and  its  arteries,  and 
shortneea  of  the  otherwise  normal  uret«r.  (6)  The  extreme 
instance  of  this  form  would  be  failure  of  development  of  the 
ureter  altogether,  with  consequent  absence  of  kidney  ajid  ureter 
in  the  adult.  When  the  upward  development  of  the  ureter  is 
defective  in  the  f(stuB  (A),  and  subsequent  growth  of  the  ureter 


^  r  G 

Flo.  5. 

defective  also,  traction  (represented  by  an  arrow)  is  exerted  on 
ureter  and  kidney  (C),  and  results  follow  as  in  the  specimen 
exhibited,  viz.,  low-level  and  atrophic  condition  of  kidney,  with 
evidences  of  stretching  in  the  excretory  duct.  An  exaggerated 
form  of  this  is  where,  with  atrophied  kidney,  no  traces  of  ureter 
are  present  except  quite  at  the  lower  extremity  (D).    When  the 
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upward  development  of  the  ureter  is  complete  (E),  bnt  snbse- 
quent  growth  of  the  ureter  defective,  traction  comes  into  play, 
as  in  the  last  example,  but  necessarily  greater/ and  through  the 
conceivable  form  (F),  with  atrophic  kidney  at  the  normal  level, 
and  greatly  stretched  excretory  duct,  is  reached  that  form  of 
absent  kidney  where  a  portion  of  the  lower  part  of  the  ureter  is 
present  of  varying  length,  and  sometimes  ending  above  in  a 
fusiform  dilatation,  probably  representing  the  lower  part  of  the 
renal  pelvis  (6).  The  extreme  instance  of  this  form  would  be 
complete  absence  of  both  kidney  and  ureter. 

The  anomalous  position  of  the  ureter  behind  the  iliac  artery 
and  vein  does  not  appear  to  have  been  observed  hitherto,  and 
no  explanation  is  offered  of  its  mode  of  origin. 


NOTES  ON  THE  MYOLOGY  OF  A  NEGRO.i  By  Thomas 
H.  Bbyck,  M.A.,  M.B.,  Lecturer  on  Anatomy,  Queen  Margaret 
College,  University  of  Glasgow. 

During  the  present  session  I  had  the  opportunity  of  dissecting 
a  n^o,  a  well-developed  muscular  male,  5  feet  10  inches  tall, 
and  said  to  be  34  years  of  age.  He  was  evidently  a  pure- 
bred negro,  but  as  he  appeared  on  the  certificate  under  the 
denomination  of  *  Joe  Smith,*  I  could  obtain  no  clue  from  his 
name  as  to  his  tribe  or  country. 

From  what  we  already  know  as  to  the  myology  of  the  lower 
races  of  men,  it  is  probable  that  if  the  Negro  differ  from  the 
European  in  his  myology,  it  is  only  in  the  relative  frequency  of 
variations  common  to  both.  Although  there  seems  reason  to 
believe  that  myology  cannot  provide  any  absolute  ethnological 
data,  the  question  is  still  open  whether  or  not  negro  myology 
reveals  a  greater  relative  frequency  of  variations  which  may  be 
r^arded  as  atavistic*  I  determined,  therefore,  to  note  carefully 
any  deviations  from  the  recognised  European  average  in  each 
muscle  as  it  was  exposed,  and  I  desire  to  put  on  record  the  notes 
of  my  dissection,  simply  as  a  single  contribution  to  the  sum  of 
our  knowledge  of  the  subject.  Many  of  the  varieties  are  well 
recognised  as  being  of  not  infrequent  occurrence  in  the  European, 
but  for  the  sake  of  comparison,  even  at  the  risk  of  seeming  to 
enter  on  unnecessary  detail,  I  give  a  complete  account  of  all 
deviations  from  the  standard  met  with.  Every  muscle  not 
specially  mentioned  conformed  exactly  to  the  description  given  of 
it  in  Quain's  Anatomy ,  10th  edition;  and  I  may  add  that,  to 
eliminate  the  personal  equation,  I  have  accepted  the  descriptions 
in  that  work  as  the  standard  of  normal  European  myology. 

I.  Head  and  Neck, 

The  insertion  of  the  Trapezius  on  to  the  clavicle  is  prolonged  for- 
wards, to  meet  the  outer  border  of  the  stemo-mastoid.  The  insertion 
of  this  abnormal  slip  is  to  a  certaia  extent  independent,  being  attached 

^  Read  before  the  Anatomical  Society  of  Great  Britain  and  Ireland,  12th 
March  1897. 

*  Compare  remarks  by  Wiedersheim  in  "  The  atmcture  of  Man  an  index  to  hia 
past  history,"  English  translation,  MacmiUan  k  Co.,  1896,  pp.  121-122. 
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by  an  aponeurosis  separated  from  the  outer  part  by  an  angular  inter- 
val,  through  which  some  branches  of  the  descending  cervical  nerves 
pass.  The  clavicle  is  pierced  by  a  large  branch  of  the  same  series  of 
nerves. 

The  Levator  angvli  scapuUs  sends  a  slip  from  its  lowest  head 
downwards  to  join  the  Serratus  magnus. 

The  right  Digastric  has  a  slip  passing  over  the  middle  line,  to  be 
attached  to  the  lower  border  of  the  jaw  on  the  opposite  side,  outside 
the  symphysis. 

II.  Trunk  and  Abdomen, 

Pedoralis  major  had  one  digitation  fewer,  the  Serratus  magnus  one 
digitation  more  than  the  average. 

There  is  no  Stemalis,  Pectoralis  quartus,  or  Dorso-epitrocbleans 
muscle. 

All  the  other  muscles  conformed  to  the  conventional  descriptions. 

III.  Intrinsic  Muscles  of  the  Upper  Extremities, 

Deltoid  is  much  segmented  on  both  sides,  and  on  the  right  side  the 
part  arising  from  the  spine  of  the  scapula  is  in  large  measure  in- 
dependent. 

Biceps^  on  left  side,  has  a  humeral  head,  arising  just  below  the  in- 
sertion of  the  coraco-brachialis. 

Brachials  anticus,  on  the  right  side,  is  divided  into  two  laminaB, 
quite  distinct  from  one  another,  both  ending  on  a  tendon,  inserted  as 
usual.  On  the  left  side  the  two  laminse  are  partially  fused.  The 
superficial  layer  arises  from  the  humerus  below  and  on  each  side  of 
the  deltoid  impression,  the  deep  lamina  from  the  anterior  aspect  of  the 
shaft,  and  intermuscular  septa. 

The  Pronator  radii  teres  of  the  right  side  has  no  coronoid  head. 

Fleosoi*  carpi  radialis  hrevis  is  present  in  the  left  arm.  The  fibres 
of  the  Flexor  sublimis  digitorum,  on  the  radial  side,  are  attached  to  a 
long  slender  tendon,  which  springs  from  the  lower  end  of  the  oblique 
line.  At  the  junction  of  the  middle  and  lower  thirds  of  the  forearm 
the  tendon  becomes  free,  and  gives  rise  to  a  fusiform  belly,  which 
again  ends  in  a  tendon  attached  to  the  anterior  annular  ligament 
and  trapezium. 

Flexor  profundus  digitorum,  on  right  side,  arises  in  two  parts, — an 
ulnar,  arising  from  the  ulna  and  interosseous  membrane ;  and  a  radial, 
arising  from  the  radius  internal  to  Flexor  longus  pollicis  from  the 
coronoid  process  to  the  Pronator  quadratus,  and  from  the  interosseous 
membrane.  From  this  radial  head  two  tendons  spring,  which  join 
under  annular  ligament,  and  go  to  the  index  finger.  The  tendons 
from  the  ulnar  head  go  to  the  middle,  ring,  and  little  fingers. 

The  Lurnbricals  are  small :  i.  and  ii.  arise  from  radial  side  of  the  ten- 
dons only. 

ExtcTisor  communis  digitorum  of  left  side  distributed  its  tendons 
normally,  but  the  Ext.  minim,  digiti  gives  a  tendon  to  the  ring  finger, 
in  addition  to  its  two  usual  slips  to  the  Httle  finger. 
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On  the  right  side,  the  Extensor  communis  gives  rise  to  four  tendons, 
which  pass  together  under  the  annular  ligament.  The  first  goes  to  the 
index,  and  is  joined  by  a  slip  from  the  second,  which  springs  above 
the  wrist.  The  second  goes  to  the  middle  finger,  but  divides  on  the 
back  of  the  carpus  into  two  parts.  The  third  tendon  to  the  ring 
finger  is  attached  to  the  ulnar  segment  of  the  last  by  a  broad  expan- 
sion, which  also  receives  an  accessory  slip  descending  from  the  forearm. 
The  fourth  tendon  is  on  a  deeper  plane,  sends  a  slip  to  the  middle 
and  another  to  the  ring  finger,  and  a  third  which  goes  to  the  little 
finger,  and  is  joined  by  the  tendon  of  the  Extensor  minimi  digiti. 
The  latter  has  its  usual  second  slip  to  the  ulnar  side  of  the  expansion 
of  the  tendon. 

The  Extensor  ossis  metacarpi  pollicis  divides  into  two  bellies,  each 
ending  in  a  tendon.  The  main  tendon  is  inserted  into  the  base 
of  the  metacarpal  bone;  the  other  divides  into  two,  one  attached 
to  the  trapezium,  the  second  joins  a  fusiform  muscular  belly  forming 
an  accessory  head  to  the  abductor  pollicis. 

Muscles  of  the  hand  are  exceptionally  powerfully  developed. 

PcUmaris  brevis  is  composed  of  coarse  fasciculi,  and  is  1^  in.  broad. 

Abductor  pollicis  has  an  accessory  head  from  the  Extensor  metacarpi 
pollicis,  a  second  head  from  the  tuberosity  of  the  Scaphoid,  and  a 
third,  quite  independent,  from  the  annular  ligament.  Oypon^ns  arises 
from  radial  side  of  Trapezium  and  annular  ligament. 

Outer  head  of  Flexor  brevis  arises  from  the  ridge  on  the  Trapezium, 
and  annular  ligament  closely  united  with  opponens. 

Innsr  head  of  Flexor  brevis  arises  from  the  Trapezium,  base  of  1st 
metacarpal  and  sheath  of  radial  flexor. 

Adductor  pollicis  is  divided  into  two  parts  :--(l)  ObliquuSy  from 
bases  of  2nd,  3rd,  and  4th  metacarpals,  os  magnum,  anterior  carpal 
ligaments,  and  also  from  proximal  third  of  the  shaft  of  the  3rd  meta- 
carpal,— this  latter  origin  being  separated  from  the  former  by  the 
deep  branch  from  the  ulnar  nerve.  (2)  Transversus,  arising  from  the 
distal  two-thirds  of  the  shaft  of  3rd  metacarpal,  the  fibro-plate  of  the 
metacarpo-phalangeal  articulation,  and  by  a  distinct  slip  from  the  head 
of  the  2nd  metacarpal  above  the  condyles. 

On  the  dorsum  of  the  hand  a  muscular  slip  arises  from  the  liga- 
ments on  the  back  of  the  carpus  and  base  of  3rd  metacarpal  bone, 
and  joins  below  the  2nd  dorsal  interosseous  muscle. 

Lower  Extremities. 

The  Psoas  arises  as  usual,  and  there  is  no  Psoas  parvus. 

The  Iliaeus  has  on  the  left  side  a  special  slip  from  the  anterior 
inferior  spine,  which  is  partially  separate,  and  attached  below  and  in 
front  of  the  remainder  of  the  muscle. 

Gracilis  has  an  extensive  origin  from  the  whole  length  of  the  pubic 
arch. 

Adductor  longus  and  brevis  are  normal. 

Adductor  magnus  is  much  segmented,  and  is  symmetrical.  There 
is  (1)  an  anterior  slip  arising  from  the  body  of  the  pubis,  external  to 
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adductor  brevis,  and  inserted  into  the  back  of  the  femur,  behind  the 
pectineus;  (2)  a  slip  from  the  pubic  ramus  and  part  of  ischial 
ramus  inserted  behind  adductor  brevis  into  back  of  femur;  (3)  a 
thick  mass  from  the  ischial  ramus  and  tuberosity,  which  spreads  out 
to  be  inserted  into  the  linea  aspera,  the  hindmost  fibres  ending  13  cm. 
above  the  knee  on  the  internal  intermuscular  septum,  which  is 
thickened  to  form  a  prominent  band  attached  below  to  the  adductor 
tubercle  (see  figs.  1  and  2). 

The  so-called  'opening  in  the  adductor  magnus'  has  thus  the 
appearance  of  an  opening  in  the  fascia  rather  than  an  interval  in  the 
attachment  of  the  muscle. 

Obturator  extemus  on  the  left  side  is  cleft  by  a  branch  of  the 
■  obturator  nerve  into  two  fasciculi. 

Quadriceps  extensor, — ThQ  rectus  is  normal 

The  arrangement  of  the  Crureus  and  Vasti  deserves  special  atten- 
tion, owing  to  the  r61e  attributed  to  the  crureus  and  vastus  eztemus 
by  Manouvrier^  in  modifying  the  shape  of  the  femur.  They  are 
arranged  just  as  in  the  European,  except  that  the  vastus  externus 
cannot  be  separated  from  the  crureus  so  completely  as  usual  The 
vastus  externus  is  attached  to  external  lip  of  the  linea  aspera,  the 
gluteal  line,  the  shaft  of  the  bone  below  and  in  front  of  the  trochanter 
major  as  far  as  the  tubercle  of  the  femur.  The  crureus  arises  from 
the  tubercle  of  the  femur,  the  outer  and  anterior  surfaces  of  the  shaft, 
as  usual.     Thus  the  origins  of  these  muscles  are  not  lowered. 

Gluteus  Tnaximus  is  normal,  the  femoral  insertion  perhaps  rather 
restricted,  and  the  lower  fascial  insertion  rather  stronger  than  usuaL 

Gltdeus  medius  is  fused  with  the  minimus  anteriorly,  and  the 
combined  fibres  arising  from  the  outer  side  of  the  anterior  superior 
spine,  the  notch  below,  and  the  outer  side  of  the  anterior  inferior 
spine  form  a  separate  strong  fasciculus,  which  is  attached  below 
to  the  superficial  aspect  of  the  tendon  of  the  minimus,  to  the 
lower  and  anterior  part  of  the  oblique  line  on  the  great  trochanter, 
and  is  prolonged  on  to  the  shaft  of  the  femur,  being  arched  over  here 
by  the  fascia  covering  the  vastus  externus. 

Gluteus  minimv^  is  connected  behind  with  the  pyriformis,  and  is 
inserted  into  the  capsule  of  the  joint,  the  upper  border  of  the  tro- 
chanter, and  its  anterior  face. 

The  Hamstrings  arise  normally  from  the  ischial  tuberosity. 

Semi-tendinosus  is  normal. 

Semi'Viembranosus  is  a  powerful  muscle,  inserted  as  follows : — Its 
tendon  expands  into  a  strong  aponeurosis,  attached  anteriorly  by  a 
rounded  tendon  into  inner  side  of  the  internal  tuberosity.  Externally, 
it  passes  over  to  the  external  condyle,  on  a  level  with  the  back  of  the 
condyles.  Above,  it  is  continuous  with  the  tendinous  inner  head  of 
the  gastrocnemius.  Below,  it  is  strongly  attached  to  the  back  of  the 
internal  tuberosity,  and  prominent  tubercle  bounding  the  popliteal 
notch,  and  to  the  shaft  of  the  tibia  behind  the  internal  lateral 
ligament. 

^  Manouvrier,  ''Denz  l^tude  stir  Pithecanthropus  Erectus,"  Bull,  de  la  Soe, 
d'A/Uhrop,  de  Paris,  t.  sixieme,  iy.  aerie. 
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Left  Side. — Long  head  of  biceps  md  iccemorj  fiucicnlus  drawn  aside.  Femonl 
head  ia  Been  oriiiQg  from  the  popliteBl  anrCoce  of  femur,  coming  in  contact  to  inner 
ride  with  Tastneintemiu,  and  below  with  tendinoiu  inner  hMd  of  gaetrocnemiiu; 
Faada  over  TOitna  internoe  left  partially  intact. 
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Biceps, — Long  head  ends  in  a  very  stout  tendon,  attached  to  the 
head  of  the  fibula  as  usuaL  From  it,  in  the  upper  third  of  the 
thigh,  a  fasciculus  extends  to  the  inner  lip  of  the  linea  aspera  and 
internal  supracondylar  ridge  (see  figs.  1  and  2).  On  the  left  side  this 
fasciculus  is  1  cm.  broad,  and  gradually  expands  to  4  cm.,  and  gets  a 
special  attachment  to  a  prominent  tubercle  on  upper  part  of  supra- 
condylar ridge ;  4  cm.  below  its  origin  it  is  crossed  (^liquely  by  a 
tendinous  intersection,  which  extends  through  its  whole  thickness. 

On  the  right  side  the  fasciculus  measures  2  cm.,  and  expands  to 
11  cm.,  being  inserted  into  the  lower  part  of  inner  lip  of  linea  aspera 
and  external  supracondylar  ridge^  some  fibres  passing  over  on  to 
popliteal  surface.  The  tendinous  intersection  is  rather  lower  than  on 
the  left  side. 

The  short  heady  which  measures  15  cm.  broad,  arises  from  the 
lower  part  of  the  linea  aspera  to-  the  inner  side,  and  from  the  pop- 
hteal  surface  of  the  femur  from  an  oblique  line  which  crosses  from 
within  outwards,  and  which,  on  the  left  femur,  is  raised  into  a  pro- 
minent crest  at  its  upper  part,  and  a  prominent  tubercle  at  its  lower 
end.     The  lower  edge  reaches  to  a  point  4  cm.  above  the  condyles. 

Thus  the  short  head  of  the  Biceps  and  Vastus  intemus  are  in  con- 
tact with  one  another  for  a  space  of  7  cm.  (see  figs.  I  and  2). 

Gastroenemius. — Inner  head  arises  by  a  very  strong  tendinous 
expansion  attached  to  the  lower  end  of  the  internal  supracondylar 
ridge  and  the  popliteal  surface  of  the  femur,  extending  as  far  as  the 
middle  line  and  as  high  as  the  lower  border  of  the  short  head  of  the 
biceps.  On  the  right  side  the^  attachment  to  the  popliteal  space  is 
not  quite  so  extensive,  but  a  special  slip  arises  from  ihe  middle  of  the 
space,  winds  to  the  outer  side  of  the  vessels,  and  ends  in  a  tendon 
which  joins  the  mesial  raph^  of  the  muscle.  The  outer  head  arises 
from  the  outer  side  of  the  external  condyle  only,  and  has  in  its  sub- 
stance a  sesamoid  cartilage,  which  facets  the  outer  lip  of  the  condyle. 

Plantaris  arises  from  the  outer  condyle,  and  slightly  from  the 
external  supracond^ylar  line,  and  on  the  left  side  from  the  sesamoid 
cartilage  in  the  outer  head  of  the  gastrocnemius. 

Popliteus  arises  partly  from  the  capsule  of  the  joint,  chiefly  from  a 
strong  tendon,  which  divides  like  the  limbs  of  a  Y,  the  one  going  to 
the  external  condyle  below  the  external  lateral  Hgament,  further  back 
than  usual,  the  second  to  the  tip  of  the  spine  of  the  fibula. 

There  is  nothing  special  to  note  as  to  the  muscles  of  the  leg. 
Neither  the  TihidLis  anUcus  nor  posHcus  is  bulky  out  of  propcHrtion  to 
the  other  muscles. 

The  tendon  of  the  Poetictts  is  provided  with  a  specially  wdl-marked 
groove  on  the  back  of  the  internal  malleolus,  and  the  tendon  of  the 
Peroneus  longtts  plays,  as  round  a  pulley,  over  a  very  prominent 
peroneal  spine,  which  projects,  like  the  hook  of  the  unciform,  from 
the  outer  side  of  the  os  calcis. 

In  the  foot,  the  Flexor  brevis  digitorum  has  but  three  tendons ;  that 
to  the  little  toe  springing  from  a  short  fusiform  belly  attached  to  the 
tendon  of  the  long  flexor. 

ThAFUxoT  longtuf  haUueis  tendon  divides  into  two :  the  one  goes  to 
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tthe  halhiz,  the  second  diTides  again  into  two  alipB,  which  paas  to  the 
}6econd  and  third  toes,  being  joined  by  the  corresponding  shpa  of  the 
flexor  longus  digitorum. 

There  is  no  special  Opponena  minimi  digitiy  but  some  of  the  fibres  of 
^he  Flexor  brevis  are  inserted  into  the  inner  side  of  the  shaft  of  the 
metacarpal  bone. 

The  tendon  of  the  Peronens  longus  has  a  sesamoid  where  it  plays 
•over  the  cuboid,  and  is  attached  to  the  1st  metatarsal,  and  sends  a 
slip  to  the  internal  cuneiform. 

The  tendon  of  the  Tibialis  posticus  sends  a  very  strong  slip,  attached 
'to  the  bases  of  the  2nd,  3rd,  and  4th  metatarsals,  and  middle  and 
external  cuneiform  bones,  especially  the  latter,  and  this  slip  is  so 
•strong  that  it  appears  as  the  continuation  of  the  tendon,  the  attach- 
ment to  the  tuberosity  of  the  navicular  being  merely  a  lateral  expan- 
.^on  from  it.  There  is  a  sesamoid  in  the  tendon  where  it  plays  on 
the  calcaneo-navicular  ligament. 

Peroneue  tertius  forms  a  5th  tendon  to  the  extensor  longus  digi- 
torum, and  is  attached  to  the  anterior  border  of  the  base  of  the  4th 
metatarsal  and  the  fascia  of  the  4th  interosseous  space. 

I  do  not  purpose  to  enter  into  any  elaborate  analysis  of  this 
somewhat  formidable  series  of  varieties,  but  it  is  very  interesting 
to  note  the  concurrence  in  one  individual  of  so  many  variations, 
which  remind  one  of  the  descriptions  of  anthropoid  myology.  It 
is  also  a  stnMng  fact  that,  while  the  varieties  in  the  upper  ex- 
tremities are  largely  unilateral,  those  in  the  lower  extremities  are 
practically  symmetrical,  especially  in  the  muscles  of  the  ttiighB, 
where  the  departure  from  the  normal  European  type  is  most 
marked. 

The  remarkable  arrangement  of  the  AddwAor  magnus  and 
Biceps  flexor  cruris  deserve  special  notice,  because  I  do  not  find 
that  they  have  been  described  as  occurring  in  the  European,  and 
because  they  have  a  bearing  on  the  characters  of  the  Femora, 
which  will  be  described  in  a  special  paper. 

In  the  Gorilla  and  Orang,  described  by  Hepburn,^  the  adductor 
magnus  closely  conformed  to  the  corresponding  muscle  in  Man, 
but  in  his  Chimpanzee  and  Gibbon  it  was  fasciculated.  In  the 
former  the  ischial  head  was  separate,  so  as  to  act  as  an  accessory 
hamstring  muscle,  but  in  the  latter  it  was  fused  with  the  rest  of 
the  muscle,  and  its  tendon  ended  on  the  supracondylar  ridge.  In 
the  Chimpanzee  the  pubic  portion  of  the  muscle  spread  out  on 
the  popliteal  surface  of  the  femur,  Init  in  the  Gibbon  it  did  not 
come  down  so  low  even  as  in  Man,  and  the  short  head  of  the 

1  Jow,  o/Anat.  and  Phifi.,  voL  xkyL 
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biceps  came  in  contact  with  the  vastus  internu&  The  short 
head  Of  the  biceps  also  differed  from  that  in  the  other  apes  by 
joining  the  tendon  of  the  long  head. 

Thus  the  arrangement  of  the  two  muscles  in  this  Negro  very 
closely  corresponded  to  that  present  in  Hepburn's  Gibbon. 

The  accessory  fasciculus  of  the  long  head  of  the  biceps  was  not 
present  in  any  of  Hepburn's  specimens,  but  Church  ^  described 
such  a  muscle  in  a  CSiimpanzee,  and  Dr  Arthur  Keith  informs 
me  that  it  was  a  common  feature  in  his  numerous  dissectiona 

I  am  not  aware  that  such  a  fasciculus  has  been  described  in 
European  myology,  although  a  sKp  from  one  or  other  of  the 
hamstrings  may  be  given  to  the  fascia,  as  the  'tensor  fasciee 
suralis.' 

The  remarkable  bilateral  symmetry  of  the  varieties  in  the 
lower  extremities  tempts  one  to  look  for  some  relation  to 
function.  The  facets  described  by  Professors  Thomson  and 
Charles  were  extremely  well  marked;  and  whatever  be  the 
origin  of  the  variations,  the  arrangement  of  the  muscles  as  a 
whole  is  such  as  might  suggest  its  having  been  pressed  into 
special  service  in  connection  with  squatting. 

The  separate  fasciculi  of  the  adductor  magnus,  acting  with  the 
brevis,  would  act  as  accessory  flexors  of  the  hip,  while  the  fourth 
gluteal  would  act  as  a  rotator  inwards  of  the  flexed  femur.  The 
strong  femoral  head  of  the  biceps  would  be  a  powerful  short 
flexor  of  the  knee,  while  the  femoral  fasciculus  would  serve  as  an 
accessory  extensor  of  the  femur  in  the  assumption  of  the  erect 
attitude,  tending  also  to  tilt  the  femur  outwards,  so  as  to  rectify 
the  rotation  of  the  bone  which  takes  place  in  extreme  flexion. 
The  specially  strong  and  extensive  insertion  of  the  semi-mem- 
branosus  would  flnd  a  similar  explanation,  and  so  also  the  powerful 
inner  head  of  the  gastrocnemius.  The  tibialis  posticus  and 
peroneus  longus,  acting  in  concert  from  the  middle  line  of  the 
foot,  and  prevented  from  slipping  forwards,  the  former  by  its 
deep  groove,  the  latter  by  its  hook-like  peroneal  spine,  would 
come  into  play  in  extending  the  ankle  on  the  fixed  foot  in 
resuming  the  upright  posture. 

1  Chuxch,  Ifdt.  ffist.  lUvieto,  1862. 
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Additional  Note  on  the  Myology  of  a  Native  of 

Dacca,  in  Bengal. 

After  the  above  paper  was  completed,  a  subject  belonging  to 
another  of  the  dark-skinned  races  was  brought  into  the  dissecting- 
room.  He  was  an  adult  male,  belonging  to  the  mixed  race  from 
the  Calcutta  coast,  familiar  as  Lascars  on  board  ship.  My  notes 
on  his  myology  are  mostly  negative.  With  two  exceptions,  the 
few  varieties  noted  are  unilateral,  and  of  these  two  only  does 
he  share  with  the  Negro.  Apart  from  the  question  of  race, 
the  three  principal  unilateral  varieties  noted  are  of  some 
interest, — viz.,  the  presence  of  a  *  costo-scapukr '  and  a  *  stemo- 
scapular '  muscle,  and  the  arrangement  of  the  extensor  indicia 

I.  Head  and  Neck  and  Back, 

The  stemo-mastoid  on  both  sides  is  separated  in  the  greater  part  of 
its  extent  into  its  three  component  parts, — stemo-mastoid,  cleido- 
mastoid,  and  cleido-occipital.  All  the  other  muscles  are  normal 
except  the  Scalenus  anticus,  which  has  one  slip  less  than  usual. 
The  muscles  of  the  back  conform  almost  exactly  to  the  text-book 
description.  The  Traneversdlis  colli  has  sHps  from  the  upper  ten 
dorsal  transverse  processes. 

II.  Trunk  and  Abdomen, 

Latissimus  dorai  has  slips  from  the  four  lower  ribs,  and  Serraius 
TnagnuB  arises  from  nine  ribs  on  the  left,  ten  on  the  right  side. 

PedorcUis  major  of  left  side  gives  off  a  slip  from  the  lower  part  of 
its  deep  surface,  which  is  attached  to  the  common  tendon  of  origin  of 
the  biceps  and  coraco-brachialis  from  the  coracoid  process,  forming 
thus  a  Costoscapular  slip. 

Subdaviua  on  the  left  side  is  absent,  but  replsiced  by  a  stemo- 
scapular  muscle  supplied  by  the  nerve  to  the  subclavius.  It  is 
attached  by  a  rounded  tendon  to  the  1st  costal  cartilage,  and  by 
fleshy  fibres  to  the  superior  border  of  the  scapula^  extending  from 
the  attachment  of  the  posterior  belly  of  the  omo-hyoid  to  the  superior 
angle. 

There  is  no  Biemaliay  dorso-epitrochlearis,  or  aschel-bogen, 

III.  Intrinsic  Muscles  of  Upper  Extremity. 
Palmaris  is  absent  on  the  right,  present  on  the  left  side. 
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Extensor  carpi  ulnaris  on  both  sides  has  a  separate  tendinous 
slip,  which  springs  from  a  partially  separate  muscular  belly  on  the 
right  side,  and  is  inserted  into  the  fascia  over  the  base  of  the  4th 
metacarpal  bone. 

Pronator  quadratus  on  the  left  side  is  divided  into  two  laminae, 
the  upper  of  more  oblique  fibres  is  partially  attached  to  the  radius, 
partly  to  a  tendinous  band  which  is  attached  below  to  the  anterior 
border  of  the  lower  end  of  that  bone ;  the  lower  and  deeper  lamella 
is  composed  of  transverse  fasciculi  from  ulna  to  radius. 

Extensor  indids  on  the  left  side  gives  off  from  its  ulnar  side  two 
small  fusiform  fleshy  belHes,  which  end  on  delicate  tendons.  The 
first  passes  under  the  annular  ligament,  and  over  the  2nd  inter- 
osseous space.  Here  it  again  ends  in  a  fleshy  belly,  which  extends 
the  whole  length  of  the  interosseous  space,  and  is  attached  to  the  base 
of  the  1st  phalanx  of  the  middle  finger  with  the  2nd  dorsal  inter- 
osseous muscle.  The  second  tendon  also  passes  under  the  annular 
ligament,  to  end  in  the  fascia  over  the  back  of  the  carpus. 

Lumbricals :  4th  is  rudimentary  on  both  sides ;  Ist  and  2nd  arise 
only  from  the  radial  sides  of  their  respective  tendons. 


IV.  Lower  Extremity. 

There  is  no  Psoas  parvus. 

Plantaris  absent  on  the  lef t^  present  on  the  right  side ;  otherwise, 
all  the  muscles  of  thigh  and  leg  are  normal. 

Flexor  brevis  digitorum  has  three  tendons  only,  the  perforated 
tendon  of  the  5th  digit  arising  from  a  short  fusiform  belly  attached 
to  the  tendon  of  the  long  flexor. 

Flexor  longus  JuUlucis  tendon  on  both  sides  divides  under  the 
internal  annidar  ligament  into  two :  the  larger  division  goes  to  the 
hallux ;  the  other  <£vides  into  three  slips,  which  join  the  corresponding 
slips  from  the  long  flexor  of  the  toes. 

The  Accessorius  is  attached  to  the  outer  side  of  the  second  slip  of 
the  flexor  longus  hallucis,  not  to  the  tendon  of  the  flexor  longus 
digitorum. 

In  the  arrangement  of  the  tendons  of  the  long  and  short 
flexors  of  the  toes  alone,  have  the  two  cases  any  variations  in 
common ;  but  even  this  is  of  some  interest,  from  its  recognised 
s(;tavistic  character. 

The  so-called  squatting  facets  were  present,  but  were  not 
more  marked  than  I  have  seen  them,  even  in  European  bones ; 
the  external  condylar  surface  of  the  tibia  was  somewhat 
flattened ;  but  in  both  these  respects,  and  in  the  characters  of  the 
astragalus,  there  was  a  marked  difiference  from  the  Negro  bonea 
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Ab  my  object  has  been  only  to  record  my  own  dissection,  I  have 
not  attempted  to  establish  any  comparison  with  otheis  alieady  pub- 
lished, bat  I  append  a  list  of  lef eronces  to  the  literatoie  of  the 
subject : — 

(1)  TcBNEB,  Sir  W.,  "Dissection  of  a  Negro/'  Jour.  Anat.,  ziii. 
p.  382. 

(2) "  Dissection  of  a  second  Negro,"  Jour.  Anat.,  xiv.  p. 

244. 

(3)  Ghudzinbki,  *'Contrib.  k  IMtude  dee  variations  muscuL  dans  les 
races  humaines,"  Sevue  (Vanthrop.,  1882,  pp.  280-308,  pp.  613-627. 
This  includes  results  of  two  previous  memoirs — 12  negro  dissections. 

(4) "  Quelques  mots  sur  I'anat.  de  deux  Nfegres,"  Revue 

d'anthropol,  1884,  pp.  603-616. 

(5)  GiAooMiNi,  C,  "  Sopra  Tanat.  del  Negro  iv.  varieta  nel  Sistema 
muscolare,"  Torino,  1882. 

(6) "  Annot.  Sopra  Tanat.  del  Negro,"  Oiamale  delta  R. 

Accad.  di  Med.  di  Torino, — ^various  memoirs  from  1884>to  1892  ; 
also  Arch.  ital.  de  Biologies  T.  17,  1892,  F.  3,  pp.  337-371. 

(7)  Testut,  "Gontrib.  a  I'anat.  compar.  dee  races  N^gres,"  Bor- 
deaux, 1884 :  Bellini  et  Cie. 

(8)  ''Les  anomal.  muscul.  chez  les  Negres  et  chez  les 

Blancs,"  Memat.  Monateachrift,  B.  1,  a.  285,  1884. 

(9)  Michel,  "  Two  cervical  muscular  anomalies  in  the  Negro^ 
Med.  Record,  New  York,  1892,  v.  41,  pp.  125-128. 
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REPLIES  TO  QUESTIONS  ISSUED  BY  THE  ANATOMI- 
CAL  SOCIETY  OF  GEEAT  BRITAIN  AND  IRELAND. 
By  William  A.  J.  Alexandsr,  M.A.,  M.B.,  CM.,  late 
Demansirator  of  AMdomy^  Universityt  of  EdirStmrgK, 

Thk  following  replies  (four  ia  number)  have  been  drawn  up 
from  observations  made  on  12  bodies  (8  females  and  4  males) 
in  the  dissecting-room  of  the  University  of  Edinburgh  during 
the  summer  session  of  1895.  The  numbers  1  to  12  indicate 
respectively  the  same  12  bodies  throughout.  They  were  pre- 
pared for  the  Committee  of  Collective  Investigation  of  the 
Anatomical  Society,  but  through  an  oversight  were  omitted  from 
the  Report  published  in*  this  Jhwrnaly  October  1896,  page  31. 

Question  I. 

The  eighth  costal  cartilage : 

The  distance  in  millimetres  at  which  its  extremity  is  placed 
from  the  margin  of  the  sternum. 

Sex.  Right.  Left. 

No.  1  F.  58  mm.  66  mm. 

2  F..  65  60 

»  F.  55  57 

*  ^  ^*  (8th  82' 

5  F.  52  55 

»  F.  88  86- 

7  M.  67  68* 

8  M.  68  70 

9  F.  78  65 

10  F;      8th     nnites    with 

xiphoid  and  last 
piece  of  gladiolna 
jQBt  below  7th, 
»th,    80  43' 

11  VL  60  U 

12  F.  59  67 

The  above  table  indicates  the  result  of  measurements  madJB  on  the- 
twelve  bodies  of  the  distance  of  the  tip  of  the  8th  (and  in  the  case 
of  No.  4  also  of  the  7th,  and  in  No.  10  also  of  the  9th)  costal  carti- 
lage from  a  point  on  the  corresponding  edge  c^  the  sternum,  deter- 
mined by  passing  the  knife  as  far  up  between  the  sternum  and  the 
lowest  sternal  rib-cartilage  as  it  would  go  without  cutting  into-  the- 
chondro-stemal  joint, — t.e.,  a  point  on  the  corresponding  edge  of  the 
sternum  on  a  level  with  the  lower  end  of  the  last  chondro-stemal 
joint. 
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muscle. 

No. 


Question  IL 

of  the 

great 

sciatic  nerve 

to   tt 

Sex. 

Btght 

L^ft. 

1 

P. 

N. 

N. 

2 

F. 

N. 

N. 

3 

F. 

N. 

iS-. 

4 

M. 

N. 

iS'. 

5 

F. 

S. 

N. 

6 

F. 

S. 

N. 

7 

Al 

N. 

N. 

8 

M. 

N. 

N. 

9 

F. 

S, 

N. 

10 

F. 

N. 

N. 

11 

M. 

N. 

N. 

12 

F. 

N. 

N. 

In  the  above  table,  which  gives  the  result  of  the  examination  of 
12  bodies, — 

N.  indicates  that  the  relation  was  normal^ — i.e.,  that  the  nerve 
emerged  from  the  pelvis  in  one  trunk  wholly  below  the  pyriformis 
muscle. 

S.  indicates  that  the  nerve  was  ^it  into  two  trunks,  the  upper 
of  which  pierced  the  pyriformis  muscle  in  leaving  the  pelvis,  the 
lower  emerging  wholly  below  the  pyriformis. 

Question  IV. 

The  arrangement  and  number  (if  possible)  ol  the  lymphatic 
gknds  accompanying  the  common  and  external  iliac  arteries. 

I  examined  9  out  of  the  12  'bodies. 

In  all  of  these  the  glands  were  found  in  fairly  close  relation  to  the 
arteries,  lying  chiefly  to  the  outside  or  inside  of  the  vesseL  A  few, 
however,  lay  partly  in  front  of  the  arteiy,  and  one  or  two  partly 
behind.  The  large  and  medium-sized  glands  lay  for  the  most  part  in 
linear  series,  roughly  parallel  with  the  vessel ;  but  in  those  cases  in 
which,  instead  of  one  or  two  large  glands,  there  appeared  a  group  of 
smaller  glands,  these  often  departed  from  the  linear 'order,  and  were 
disposed  in  more  or  less  irregular  clumps.  In  Kos.  1,  3,  4,  6,  9,  and 
11,  a  very  large  gland  was  observed  lying  external  to  the  left  common 
iliac  artery,  or  a  little  higher,  to  the  left  of  the  lower  end  of  the 
abdominal  aorta.  It  was  more  or  less  oval  in  shape,  and  in  one  case 
bifurcated,  with  two  long  processes  directed  upwards  A  deep 
epigastric  gland  was  found  at  distal  end  of  ^external  iliac  arteiy  in 
all  the  bodies  examined,  except  in  No.  6  (where  it  was  absent  on  both 
sides),  Nos.  3  and  11  ^absent  on  left  side),  but  in  aU  these  three  it  had 
probably  been  removed  before  observations  were  made. 

The  following  table  indicates  the  number  of  glands  observed,  and 
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their  relation  (external  or  internal)  to  common  and  external  iliac 
arteries.  In  some  cases,  especially  in  body  No.  6,  but  also  to  some 
extent  in  Nos.  3,  5,  and  11,  some  glands  may  have  been  removed  by 
dissectors  before  I  could  make  observations,  especially  those  towards 
distal  end  of  external  iliac  artery. 


No. 

IF. 

No. 

SF. 

No. 

4M. 

External. 

InterDal 

• 

External. 

Internal 

• 

External. 

Internal 

R. 
L. 

C.L 
E.L 
C.I. 
E.I. 

4 
2 
3 
0 

1 
8 
2 

1 

R. 
L. 

C.L 
E.L 
C.L 
E.I. 

6 
1 
2 
1 

0 

1 
8 
2 

R. 
L. 

C.L 
E.L 
C.L 
E.L 

4 
8 
5 
8 

2 
2 
2 
6 

Totai,  16  Totol^  16  Total.  27 

No.  5  F.  No.  6  F.  No.  9  F. 
External  Internal.             External.  Internal            External.  Internal. 

R.  C.L        5  OR.  C.L  2  1  R.  C.L  2  1 

E.L        2  0  KL  8  0  E.L  8  2 

L.   C.L    .2  0        L.  C.L  8  0  L.  C.L  6  3 

E.L        ^  4  E.L  1  0  E.L  1  2 


Total,            16  Total,            10                  Total,            19 

No.  10  F.  No.  11  M.  No.  12  F. 

External.  Internal.  External.   Internal.            ErtemaL  Internal. 

R.  C.L        8             0  R.  C.L  3             2  R.  C.L  8             1 

E.L        2            11  E.L  2             2             E.L  8              I 

L.  C.L        4             1  L.   C.L  4             1  L.  C.L  2             1 

E.L        8             6  £.L  6             0             E.L  1             4 


Total,  85  Total,  19  Total,  16 

In  No.  10  the  glands  were  mostly  small,  and  disposed  in  groups. 

Qdeshon  V. 

The  mode  of  origin  of  the  branches  of  the  internal  iliac 
artery. 

I  examined  11  out  of  the  12  bodies,  and  made  sketches,  on  which 
the  following  tables  are  based. 

The  initial  letters  A.D.  signify  anterior  division,  P.D.  posterior 
division,  and  I.I.  the  trunk  of  the  internal  iliac  artery« 
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NOTES  OJT  THE  DISSECTION  OF  A  THIRD  NEGRO. 

By  Prof.  Sir  Wm.  Tuknkb,  F.RS. 

In  volumes  xiiL  and  xiv.  of  this  Journal  I  recorded  some 
variations  in  the  arrangements  of  structures  observed  during 
the  dissection  of  two  Negro  subjects.  Subsequently,  in  1881- 
82, 1  had  the  opportunity  of  examining  a  third  Negro  in  the 
course  of  dissection  by  several  of  my  students.  I  entrusted  the 
charge  of  the  dissections  to  Dr  George  Mackay,  from  whose 
memoranda  on  the  variations  which  were  observed  the  following 
notes  are  compiled. 

Muscular  Ststbm. — The  Plaiyama  myoidea  was  remarkably  well 
developed.  A  Recim  thoracis  was  situated  on  each  side  as  a  trian- 
gular thin  muscle  in  relation  to  the  sternal  ends  of  the  upper  ribs  and 
intercostal  muscles.  It  arose  from  the  upper  border  of  the  third  rib 
for  about  two  inches  external  to  its  costal  cartilage  and  from  the 
anterior  intercostal  membrane  of  the  second  space.  The  fibres 
ascended  superficial  to  the  second  rib,  to  be  inserted  into  a  rough 
tubercle  on  the  upper  surface  of  the  first  rib,  immediately  anterior  to 
the  groove  for  the  subclavian  vein.  I  have  figured  in  this  Journal^ 
vol.  ii.  p.  393,  an  example  of  this  muscle  in  a  European,  which  extended 
from  the  fifth  to  the  first  rib. 

In  the  left  upper  limb  the  Flexor  sublimis  digitorum  had  no  radial 
origin.  Close  to  its  condylar  origin  there  arose  a  muscular  slip, 
wMch  united  with  the  tendon  of  the  Flexor  profundus  digitorum 
which  ended  in  the  medius  finger.  Another  lender  muscular  slip 
was  inserted  into  the  Flexor  longus  pollicis  muscle  about  its  middle, 
by  a  distinct  tendon.  That  portion  of  the  Flexor  sublimis  digitorum 
going  to  the  index  finger  arose  under  cover  of  the  rest  of  the  muscle 
from  the  internal  condyle  of  the  Humerus,  and  also  from  the  inner 
aspect  of  the  coronoid  process  of  the  ulna  internal  to  the  ulnar  origin 
of  the  Pronator  teres.  The  muscul^'r  fibres  formed  a  short  thick  fleshy 
belly,  but  at  a  distance  of  2^  inches  from  their  origin  they  converged  to 
a  strong  tendon  about  2  inches  in  length.  Tins  again  gave  place  to  a 
fleshy  belly,  which  extended  nearly  to  the  level  of  the  lower  end  of 
the  radius.  Here  it  was  joined  by  a  delicate  muscular  slip  from  the 
main  belly  of  the  Flexor  sublimis  digitorum,  and  then  terminated  in  a 
tendon  which  remained  normal  to  its  insertion  into  the  palmar  surface 
of  the  index  finger.  A  slender  muscle  arose  from  the  anterior  aspect 
of  the  shaft  of  the  radius  about  its  middle,  and  joined  the  tendon 
of  the  Flexor  profundus  digitorum  which  passed  to  the  index  finger. 

The  tendon  of  the  Extensor  carpi  radialis  longior  gave  off  a 
tendinous  slip  about  two  inches  above  the  lower  end  of  the  Radius, 
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which  passed  downwards  and  inwards  to  join  the  tendon  of  the  Ex- 
tensor carpi  radialis  brevior  at  the  level  of  the  radio-carpal  articu- 
lation. 

A  similar  slip  from  the  Extensor  carpi  radialia  brevior  passed 
downwards  and  outwards  superficial  to  the  former  slip,  and  joined 
the  tendon  of  the  Extensor  carpi  radialis  longior  just  at  its  insertion 
into  the  base  of  the  second  metacarpal  bone. 

In  each  lower  limb  an  extra  slip  of  origin  for  the  Sejnitendinosiuf 
muscle,  about  the  size  of  a  small  omo-hyoid,  arose  for  about  ^  of  an 
inch  from  the  anterior  end  of  the  ridge  on  the  inner  surface  of  the 
Tuber  ischii,  and  became  united  with  the  fleshy  belly  of  the  semi- 
tendinosus  just  at  the  upper  part  of  the  tendinous  intersection. 

The  Adductor  magnus  muscle  consisted  of  two  distinct  layers,  the 
lower  and  larger  overlapping  the  higher  and  smaller,  as  seen  from 
behind.     This  was  most  distinctly  marked  on  the  left  side  of  the  body. 

In  the  right  Popliteal  epace^  several  muscular  fibres  arose  from  the 
inner  part  of  the  posterior  surface  of  the  lower  end  of  the  femur,  and 
also  from  the  line  leading  to  the  internal  condyle  for  about  f  inch ; 
these  formed  a  fleshy  belly  (about  the  size  of  that  of  the  Plantaris), 
and  after  a  course  of  about  two  inches,  blended  with  the  Inner  head 
of  the  Gastrocnemius. 

The  Peroneus  tertius  muscle  was  present  in  the  left  leg,  but  entirely 
absent  on  the  right  side. 

In  the  soles  of  both  feet  the  Flexor  brevis  digitorum  supplied  no 
tendon  to  the  little  toe.  Its  place  was  taken  by  a  slender  muscle 
which  arose  from  the  side  of  the  Flexor  Umgtts  digitorum,  as  it  crossed 
the  flexor  longus  hallucis.  It  passed  outwards  to  the  base  of  the 
little  toe,  and  had  an  insertion  resembling  that  of  the  tendon  of  the 
flexor  brevis  digitorum. 

A  well  marked  Abductor  ossis  metatarsi  quinti  was  present  in  both 
feet. 

The  Cricoid  cartilage  was  unusually  large.  Its  vertical  diameter 
was  almost  the  same  at  the  sides  as  behind,  but  in  front  this  diameter 
was  normal,  so  that  the  cartilage  had  the  appearance  of  a  deep  notch 
anteriorly. 

VsssBLS. — The  right  subclavian  artery  arose  as  the  last  branch  of 
the  arch,  and  passed  obliquely  upwards  between  the  oesophagus  and 
the  dorsal  vertebras,  to  reach  the  root  of  the  neck  of  the  right  side. 
This  variety  occurs  in  Europeans,  and  has  been  estimated  by  Quain 
and  myself  at  about  4  per  1000  bodies. 

The  Femoral  vein  lay  to  the  inner  side  of  the  artery  in  its  entire 
course,  but  in  the  Hunterian  canal  another  vein,  which  joined  the 
femoral  at  the  lower  border  of  the  pectineus,  was  situated  behind  the 
artery. 

The  Peroneal  artery  in  the  right  leg  did  not  give  origin  to  its  per- 
forating anterior  branch :  in  this  limb  the  peroneus  tertius  was  absent. 

Nbrvbs. — The  phrenic  was  joined  by  an  accessory  branch  from  the 
5th  cervical  about  1  inch  above  the  insertion  of  the  scalenus  anticus 
into  the  first  rib :  also  by  a  branch  from  the  nerve  to  the  cFabclavius. 


626  KOTSS  ON  THX  IHSaiGTIQN  Of  A  THIRD  NI6B0. 

The  right  Qreat  teiatie  g»Te  off  alarge  hraach  in  the  gluteal  region, 
whieh  pained  under  oover  of  the  gemeUna  inferior  to  enter  the  long 
head  of  the  biceps  immediately  after  that  mndcle  left  the  aemitendi- 
noeus.  When  under  coyer  of  the  conjoined  tendon  of  biceps  and 
semitendinosofl,  another  bmnch  aioee  which  gave  a  twig  to  the  upper 
part  of  the  adductor  magnua,  then  gave  branches  to  the  semitendi- 
noeus  and  semimembranosus)  and  ended  in  the  lower  part  of  the 
adductor  magnus.  The  nerve  to  the  short  head  of  the  biceps  arose 
from  the  great  sciatic  opposite  the  lower  border  of  the  gluteus  maxi- 
musy  and  ended  by  giving  two  articular  branches  to  the  knee,  one  of 
which  pierced  the  posterior  ligament,  whilst  the  other  ran  close  to  the 
external  superior  articular  artery. 

In  the  right  limb  both  the  eommunieating  nerves  arose  from  the 
internal  popliteal :  in  the  left  limb  they  arose  normally,  but  passed  to 
their  distribution  without  uniting,  though  a  delicate  connecting  twig 
passed  between  them. 

The  branch  of  the  obturaiar  nerve  to  the  subsartorial  plexus  pierced 
the  pectineuB  muscle  before  it  joined  the  twigs  from  the  internal 
cutaneous  and  long  saphenous. 

MssKNTEBT. — "Hie  rcctum  had  two  mesenteries,  one  of  which  was 
the  normal  The  other  was  a  double  fold  of  peritoneum  which  passed 
from  the  antero-lateral  aspect  of  the  rectum  to  about  the  middle  of 
the  left  ilio-pectineal  line,  where  it  blended  with  the  parietal  peri- 
toneum. The  upper  border  of  this  fold  was  free  and  concave.  Be- 
tween it  and  the  proper  meso-rectum  was  a  funnel-shaped  pouch, 
about  2|  inches  in  depth,  the  opening  into  which  was  in  an  oblique 
plane  directed  downwarcb  and  outwards. 


"AN  EXPERIMENTAL  EESEABCH  UPON  CEREBRO- 
CORTICAL  AFFERENT  AND  EFFERENT  TRACTS."  By 
David  Fbbbieb,  M.D.,  F.R.S.,  Professor  of  Neuropathology ^  and 
William  Aldbbn  Turner,  M,D.,  F.R.C.P.,  Demonstrator  of 
Neuropathology,  King's  College,  London,^  (Communication  made 
to  the  Royal  Society  of  London,  June  17,  1897.) 

{Abstract.) 

The  primary  object  of  the  research  has  been  to  elucidate  by  the  aid 
of  destructive  lesions,  and  the  study  of  the  consecutive  degenerations, 
the  tracts  by  which  impressions  of  general  and  special  sensibility  are 
conveyed  to  the  cortex  of  the  brain.  For  this  purpose,  the  cortical 
area,  supposed  to  be  the  sensory  centre  under  consideration,  was 
extirpated;  and,  secondly,  the  nerve,  tract  or  primary  ganglionic 
structure  connected  therewith  was  divided  or  destroyed. 

In  this  way  strands  of  degeneration  were  induced,  in  due  course,  of 
cortical  afferent  or  efferent  nature,  revealed  by  the  osmium-bichro- 
mate method  of  March!. 

The   systems    upon    which    experiments    have    been    performed 

were : — 

(a)  The  cerebral  portion  of  the  visual  system,  consisting  of  removal 
of  the  OGcipitel  lobe,  extirpation  of  the  angular  gyrus,  destruc- 
tion of  the  pulvinar  thalami,  and  division  of  the  splenium 
corporis  callosi. 
The  degenerations  showed  that  this  portion  of  the  visual  system 
was  composed  of  a  corticofugal  tract,  passing  from  the  occipital  lobe, 
by  way  of  the  optic  radiations,  to  the  pulvinar  thalami  of  the  same 
nde,  and  to  the  anterior  quadrigeminal  bodies,  of  the  same  and  partly 
of  the  other  side.    The  angular  gyrus  has  no  descending  or  efferent 
tract  to  the  basal  ganglia,  but  is  connected  by  means  of  association 
fibres  with  the  superior  temporal  gyrus,  the  superior  parietal  lobule, 
and  the  occipital  lobe.     A  system  of  corticopetal  fibres  was  traced 
from  the  optic  thalamus  to  the  angular  gyrus  and  the  occipital  lobe, 
in  which  lobe  their  distzibatiaQ  was  as  well  marked  in  the  external 
convolutions  as  in  the  cuneus  and  lips  of  the  calcaxine  fissure. 

The  angular  gyri  and  ocdpital  lobes  are  commissurally  connected 
through  the  splenium  and  forceps  corporis  callosi ;  the  callosal  fibres 
having  the  same  cortical  distribution  as  the  thalamic  fibres. 

Li  this  respect  our  observations  are  in  harmony  with  those  of  von 
Monakow  and  Yialet. 

1  From  the  Neuropathologioal  Iiabontory,  King's  College,  London. 
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{h)  The  experiments  upon  the  attditory  sytstem  consisted  of  section 
of  the  eighth  nerve  distal,  as  well  as  proximal  to,  the  accessory 
auditory  ganglion;  destruction  of  the  posterior  quadrigeminal 
body,  and  the  internal  geniculate  ganglion,  and  extirpation  of 
the  superior  temporal  gyrus* 

Inasmuch  as  the  experiments  necessitated  division  of  the  pedun- 
culus  flocculi,  the  degenerations  consequent  thereon  were  first  elimi- 
nated. These  were  traced  into  Deiters'  nucleus,  the  vermis  cerebelli, 
and  tegmentum  pontis,  corresponding  with  the  observations  of  Bruce 
and  Stscherbach  by  the  myelmation  method. 

The  direct  connexions  of  the  vesttbuHar  division,  as  shown  by 
section  of  the  eighth  nerve  trunk  distal  to  the  auditory  ganglion, 
are  with  Deiters'  nucleus  and  the  tegmentum ;  while  there  is  also  a 
probable  direct  connexion  with  the  nucleus  of  the  sixth  nerve. 

The  connexions  of  the  cochlear  division,  forming  the  central 
auditory  tract,  were  found  to  pass  from  the  accessory  auditory 
ganglion  by  way  of  the  corpus  trapezoides,  in  association  with  the 
lateral  fillet,  to  the  internal  geniculate  body  of  the  opposite  side. 
Thence  a  tract  was  found  to  ascend  to  the  superior  temporal  gyrus. 
This  forms  the  corticopetal  or  cerebral  auditory  tract.  Degenera- 
tion was  also  traced  after  destruction  of  the  auditory  ganglion  into 
both  superior  olives,  and  posterior  quadrigeminal  tubercles,  chiefly 
of  the  opposite  side.  These  results  are  compared  with  those  of 
Flechsig,  itolliker,  etc.,  obtained  by  other  methods  of  investigation. 

After  destruction  of  the  superior  temporal  gyrus  a  tract  of 
degeneration  was  found  to  descend  to  the  upper  part  of  the  pons 
Varolii,  through  the  outer  fifth  of  the  pes  cruris.  This  constitutes 
the  temporo-pontine  tract  of  Bechterew  and  D^j^rine. 

The  superior  temporal  gyri  are  commissurally  connected  through 
the  forceps  of  the  corpus  callosum,  and  by  means  of  association 
fibres  with  the  angular  gyros  and  occipital  lobe. 

(c)  The   cutaneous   sensory  and   other   corticopetal   systems  were 
studied  by  the  aid  of  destructive  lesions  of  the  tegment  of 
the  pons  Varolii,  crus  cerebri,  optic  thalamus,  the  posterior 
quadrigeminal  body  and   adjacent  tegment.      Those  which 
specially  caused  cutaneous  anassthesia  were  lesions  involving 
the  reticular  formation  of  the  tegment  of  the  pons  and  crus. 
In  some  of  these  cases  there  was  no  obvious  loss  of  cutaneous 
sensibility,  while  in  others  this  was  pronounced.      In  both  cases, 
however,  corticopetal  degenerations  were  induced.     These  were  traced 
through  both  limbs  of  the  internal  capsule,  the  external  capsule,  and 
the  centrum  ovale  to  the  cerebral  cortex,  both  on  the  convexity  and 
mesial   aspect,  including   the   gyrus  fornicatus.      This   corticopetal 
system  is  less  extensive  in  the  ^ontal  than  in  the  other  regions  of 
the  cerebrum.     It  would  seem  to  harmonise  with  the  thalamic  corti- 
copetal fibres,  which  Flechsig  has  recently  described  as  the  .first, 
second,  and  third  "sensory"  systems,  ascending  respectively  to  the 
Rolandic  area,  the  falciform  lobe,  the  frontal  region  and  gyrus  forni- 
catus, myelinating  at  different  periods. 
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Many  of  these  fibres  of  the  tegmentum  appear  to  pass  through  the 
optic  thalamus  without  ending  in  it,  while  others  terminate  in  this 
ganglion.  This  is  shown  by  the  fact  that  destruction  of  the  lateral 
and  ventral  parts  of  the  optic  thalamus  led  to  a  more  extensive 
degeneration  than  that  following  destruction  of  the  tegmentum 
alone,  the  fibres  degenerating  towards  the  same  cortical  regions. 
But  we  have  not  been  able  to  distinguish,  by  the  degenerative 
method,  between  those  of  sensation  proper  and  the  other  afferent 
fibres  which  ascend  to  the  cortex  in  this  region. 

Many  fibres  from  the  optic  thalamus  were  found  to  cross  by  the 
corpus  callosum  to  the  opposite  cerebral  hemisphere,  thus  supporting 
the  view  of  Hamilton  that  this  structure  is  a  decussation  as  well  as  a 
commissure.  Our  observations  show  that  the  decussation  is  of  thal- 
amic corticopetal  fibres. 

(d)  The  other  afferent  cramcd  nerves,  which  were  made  the  subject 

of  experiment,  were  the  sensory  division  of  the  trigeminus, 

and  the  glossopharyngeus,  which  were  divided  proximal  to 

their  ganglia. 

Apart  from  degeneration  of  the  so-called   ascending  trigeminal 

and  glossopharyngeal  roots,  traceable  as  far  as  the  spinal-medullary 

junction,  no  evidence  was  obtained  as  to  their  central  continuation. 

But  the  symptoms  following  lesion  of  the  tegmentum  cruris  placed 
the  sensory  fibres  from  the  face  in  association  with  those  from  the 
body  and  limbs. 

(e)  The  experiments  upon  the  prefrontal  and  frontal  areas  con- 

firmed the  existence  of  a  fronto-pontine  tract,  which  descends 
through  the  anterior  limb  of  the  internal  capsule  and  the 
inner  portion  of  the  pes  cruris  to  the  pons  Varolii. 

The  subjects  of  experiment  were  exclusively  monkeys. 
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PLATE    XVI. 


Photo  i.  Part  of  a  sarcostyle  teased  out 
from  the  wing-muscles  of  the  common  house-fly 
and  still  living  in  a  normal  saline  solution.  The 
sarcomeres  are  in  a  fiilly  extended  state  (Stage  A). 
The  a  and  fi  discs  are  seen  as  dark  transyerse 
lines,  bordered  by  bright  lines.  The  latter  are 
more  marked  on  the  right  hand  side  of  the 
discs,  probably  owing  to  the  £act  that  the  fibril 
lies  slightly  obliquely  to  the  plane  of  the  focus. 
The  longitudinal  strue  are  very  faintly  indicated. 

Photo  3.  Part  of  a  sarcoshrle  from  the 
wing-muscles  of  the  water-beetle,  nxed  by  steam 
in  stage  B  and  stained  with  logwood.  All  the 
discs  are  stained.  Each  sarcomere  is  constricted 
equally  by  the  three  elastic  discs 

Photo  5.  Part  ofa  sarcostyle  fixed  by  steam 
in  stage  C  and  stained  with  logwood.  In  each 
sarcomere  the  fi  disc  constricts  the  wall  deeply, 
'^e  y  discs  are  not  seen  and  cause  no  con- 
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Photo  2.  Part  of  one  of  the  exoeptionally 
small  sarcostyles  which  are  oocasbnaUy  found 
in  teased  preparations  of  the  wing-muscles  of 
the  common  house-fly.  It  was  fixed  in  stage  A 
by  steam  and  stained  with  logwood.  It  shows 
the  staining  of  the  wall  and  its  wrinkled 
character  very  welL  At  the  end  it  has  been 
torn  during  teasing  and  appears  as  a  flat  wrinkled 
membrance. 

Photo  4.  P&rt  of  a  sarcostyle  fixed  with 
steam  in  a  partially  contracted  state  and  stained 
with  logwo<>d.  Its  state  is  an  unusual  one.  It 
was  chosen  because  it  shows  so  unmistakably 
the  constrictions  produced  by  the  fi  discs  and 
the  stained  wall. 

Photo  6.  Part  of  a  sarooshrle  from  the 
wing-muscles  of  the  water-beetle  taxed  by  steam 
in  a  lace  C  stage  and  stained  with  logwood. 
The  outline  of  the  wall  constricted  bv  the  B 
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Photo  7.  Part  of  a  sarcostyle  from  the 
wing-muscles  of  the  common  house-fly  fixed  in 
stage  A  by  steam  and  stained  with  logwood. 
The  discs  a,  )9,  ^,  in  each  sarcomere  are  all 
stained,  and  under  the  microscope  could  be 
focussed  in  all  planes  in  the  thickness  of  the 
fibril.    The  waUs  are  very  little  stained. 

Photo  9.  Part  of  a  sarcostyle  burst  by 
boiling.  In  the  part  on  ihe  left  it  seems  to  have 
been  burst  along  two  sides,  and  in  the  part  on 
the  right  along  the  under  side  only. 

Photo  i  i.  Another  part  of  the  same  sarco- 
style, in  which  the  sarcomeres  are  very  slightly 
contracted.  The  outline  of  the  walls,  with  the 
constrictions  caused  by  the  y  discs,  can  be 
clearly  seen. 


Photo  8.  Part  of  a  sarcostyle  fixed  in  stage 
A  and  stained  by  logwood,  which  during 
teasing  has  been  torn  open  along  one  edge. 
Part  of  the  wall  is  spread  out  flat  in  one  plane, 
but  part  of  the  wall  of  the  under  side  remains 
in  that  position,  causing  the  darker  appearance 
of  the  nght  hand  part 

Photo  la  Part  of  a  sarcostyle  from  the 
wing-muscles  of  the  common  house-fly  fixed  by 
steam  and  stained  with  logwood  in  stage  A.  All 
the  discs  are  stained,  and  the  wall  is  very  little 
stained.  The  /?  discs  are  as  thick  and  as  well 
marked  as  the  a  discs  and  are  indbtinguishable 
from  them.     The  y  discs  are  well  stained. 

Photo  12.     Part  of  sarcostyle  fixed  bv  steam 
in  stage  D  and  stained  with  logwoodL     The 
discs  and  the  wall  are  well  stained.     The 
outline  of  each  sarcomere  is  a  single  flattened    '' 
curve. 
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PLATE    XVIII. 


Photo  13.  A  torn  fibril,  from  the  chambers 
>f  which  the  contents  seem  to  have  escaped, 
eaving  the  wall  partially  supported  by  the 
a     and  fi  discs. 

Photo  15.  Part  of  a  sarcostyle  which  has 
[)een  burst  aionc;  one  edge  and  so  that  its  wall 
s  spread  out  m  one  plane.  This  probably 
xcurred  when  it  was  in  a  contracted  state,  and 
1  seems  to  have  been  drawn  out  somewhat  since 
iie  boiling.  The  remains  of  the  discs  express 
:hemselves  as  dark  lines  across  the  crinkled 
membrance. 

Photo  17.    Same  as  18,  except  that  at  ^ 
the^  fibrils  are  partially  contracted  and  therefore 
their  sections  are  of  greater  diameter  and  leas 
indented. 


Photo  14.  Isolated  a  discs  stained  with 
logwood.  Some  lie  flat  in  the  plane  of  the 
focus,  some  are  seen  on  edge  and  are  surrounded 
by  refraction  halos. 

Photo  16.  A  transverse  section  of  the 
water-beetle's  wing-muscle  in  a  fiilly  extended 
state,  fixed  by  steam  and  stained  with  logwood. 
Most  of  the  clear  areas,  which  are  the  sections 
of  the  sarcomeres,  have  deeply  indented  outlines 
corresponding  to  the  longitudinal  folds  of  the 
wall  snown  in  Photo  2. 

Photo  iS.  Transverse  section  of  contracted 
wing-muscle  of  the  cockchafer  fixed  with  steam 
and  stained  with  log^wood.  Tlie  walls  of  the 
fibrils  are  in  places  more  darkly  stained  than 
the  sarcoplasm. 
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PLATE  XIX. 


Photo  19.  Optic*!  longitudinal  section  of 
le  of  [he  fibres  of  the  leg  muscles  of  the  water- 
ictle,  of  eiceptiooally  co»isc  structure.  It  is 
led  by  atesm  in  a  fully  extended  slate,  stage 
.  It  is  choiacteristic  of  these  coaisec  fibres 
aX  the  lon^  granules  of  the  sarcoplasm  lie 
Kiut  Ibe  leveli  of  the  a  septa,  which  oie 
Kcuced  by  them  in  most  parts  of  the  photo- 

Photo  ZI.  Several  partially  isolated  saico- 
yles  in  stage  A  lying  flU  in  plane  of  focus, 
t  *   the  edges    of   three  are    seen    still  in 


Photo  aa  Suibce  view  of  the  narrow  cods 
of  a  bundle  of  muscle  colamns  in  stage  A 
[chromic  and  formic  mixture  and  logwood). 
On  the  left,  one  of  the  columns  is  spread  oat 
in  the  plane  of  the  focus.  The  halos  of  the 
sepia  are  well  shown. 

Photo  32.  Optical  lonE^tudiiml  section  of 
steamed  Rbte  in  stage  6.  The  three  CMSlnctionB 
in  each  sarcomere  and  the  correspondinf 
diamond  shaped  dots  of  sanwplasm  are  showtt 
at  a  ,  also  the  septa  opiicallv  fined  into 
transverse  lines  thickened  by  the  dots  of 
sarocoplasm  between  the  saicostyles. 

Photo  14.  Part  of  an  isolated  sarcostyle  in 
stage  B  (chromic  add  and  Icvwood).  Shows 
darkly  stained  a  discs  aad  their  halos,  and 
dark  transverse  lines  al  which  may  be 

due  to  the  discs  beine  stained.     The  wall  at 
each    sarcomere    is    Tonzitudinallv    wrinkled. 
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PLATE    XX. 


Photo  25.  A  broader  sarcostyle  in  same 
ige  as  that  in  Photo  24. 

Photo  27.  Optical  longitudinal  section  of 
^re  in  stage  C  (steamed  only).  The  diamond- 
aped  dots  of  sarcoplasm  011  the  planes  of 
paration  of  the  bright  sarcostyles  are  in 
msverse  rows  at  the  le\'els  a  and  fi  ,  those 
a    are  slightly  the  larger. 

Photo  29.  Longitudinal  section  of  fibre  in 
ige  C.  The  sarcoplasm  is  distributed  as  in 
[lotos  27  and  28,  and  is  darkly  stained  with 
>ld.  The  tissue  was  embedded  in  paraffin 
id  is  therefore  shrunken,  so  that  all  the  parts 
)pear  much  smaller  than  the  corresponding 
arts  in  Photo  28. 


Photo  26.  Isolated  sarcostyle  in  stage  B 
at  the  lower  part  and  in  stagie  C  at  the  upper 
part  of  the  field  (chromic  and  fonnic  add 
mixture). 

Photo  28.  Longitudinal  section  of  fibre  in 
stage  C  (chromic  add  and  logwood).  The 
stained  sarcoplasm  is  distributed  as  in  Photo  27. 


Photo  3a  Parts  of  two  isolated  sarcostyles 
in  stage  C,  from  a  fibre  fixed  with  the  chromic 
and  formic  mixture.  At  -n-  the  outline  of  the 
edge  can  be  seen.  Slight  shrinkage  has  occnned, 
and  the  upper  sarcostyle  shows  longitudinal 
wrinkling. 
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Photo  31.  Optica]  longitudinal  section  of 
fibn  in  stage  D  (steamed  onljr).  At  *  tbe 
outlines  of  the  sarcostyles  and  theii  much 
contracted  san:omeres  can  be  seen.  At  other 
parts  the  fucus  is  not  true  and  tlie  illumination 
of  parts  is  largely  reversed.  The  state  of 
aggregation  of  the  sarcoplasm  is  not  well  shown 
on  account  of  the  longitudinal  dislocation  of 
most  of  the  sarcostyles. 

Photo  33.  Optica]  longitudinal  section  of 
fibre  in  stage  D  (dironiic  add  and  l^^wood). 
This  pholc^iaph  illuitiates  the  obscure  ap- 
pearance of  libces  in  this  stage,  which  is  usual 
when  there  are  no  Iraigitudinal  didocations. 

Photo  35.  Part  of  an  oval  transverse 
section  of  a  partjallv  contracted  fibre  (formaline 
and  logwood).  The  centra]  core  with  two 
nuclei  at  i/  and  77  ,  The  plane  of  the  focus 
cuts  the  sarcomeres  in  diflerent  parts  of  their 
length  so  that  the  three  appearances  of  diflerent 
foci  (see  ten)  are  shown  at  a.  a    ~j.     -TTw 


Photo  33.  Same  as  ^3,  bat  tlie  sarcoplastn 
is  better  shown  in  large  di^ond-sliaped  mascs 
between  the  constricted  parts  of  the  sarcost^ 
Owing  to  the  shrinkage  caused  bj  Xhe  finng 
agent,  the  thicknesi  oi  the  sarcostyles  is  leia 
than  in  Photo  43. 

Photo  34.  Optical  ton^dinal  sectkn  of 
a  steamed  fibre  showing  all  staees  of  contnctioa 
in  the  (»e  field.  (At  A,  B,  C,  D.)  The  put 
in  stage  B  is  the  most  obiaue. 


Pbo^-o  36.  Rut  of  B 
a  fibre  fixed  with  chromic  acid  and  stained 
with  logwood.  The  well-msrked  and  regolar 
foldings  oi  the  wall  due  to  shrinkage  are  shown. 
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PLATE    XXII. 


Photo  37.  LongitudiDal  section  of  a  fibre 
>{  the  belly-muscle  of  the  rat  in  stage  A 
formaline  and  logwood).  The  CL  septa  ap- 
>eaied  doubled  through  inaccurate  focussing. 

Photo  39.  A  longitudinal  section  of  fibre 
>f  the  belly-muscle  -of  the  rat  in  stage  B 
formaline  and  logwood).  The  section  is 
dmost  in  the  plane  of  the  lamellar  sarcostyles, 
(O  that  the  appearance  is  almost  like  that  of  the 
Sat  surface  of  an  isolated  sarcostyle  in  this 
>tage. 

Photo  41.  Longitudinal  section  of  a  fibre 
[>f  the  frog's  sartorius  muscle  in  stage  C 
[formaline  and  logwood). 


Photo  38.  Longitttdinal  section  of  a  similar 
fibre  in  stage  B.  The  sarcoplasm  is  not  in 
continuous  bnes  between  the  sarcostyles  as  in 
Photo  50,  but  is  ag^r^ted  in  tiny  dots  between 
the  constrictions^  the  sarcostyles  caused  by 
I  the  O/jS  andy  discs. 

Photo  4a  The  free  border  of  a  partially 
isolated  sarcostyle  of  a  fibre  from  the  sartorius 
of  the  frog.  (Chromic  and  formic  mixture, 
unstained).  It  is  in  a  late  B  stage,  so  that  tlie 
fl&  lines  are  very  fisdntly  marked.  The  halos 
of  the  septa  are  more  marked  on  the  right  than 
the  left  side  owing  to  obliquity  of  the  plane  of 
the  septa.  It  is  overlapped  by  other  similar 
sarcostyles. 

Photo  42.  Optical  longitudinal  section  of 
similar  fibre  (steamed  only).  There  is  con- 
siderable longitudinal  dislocation  of  parts  so 
that  the  outlines  of  the  individual  sarcostyles  can 
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PLATE    XXII L 


Photo  43.  Parts  of  two  isolated  sarcostyles 
I  an  early  C  stage  (chromic  and  formic 
lixture).  There  are  no  well  marked  longi- 
idinal  wrinkles.    Cf.  with  Photo  3a 

Photo  45.  The  greater  part  of  a  transverse 
ection  of  a  6bre  from  the  belly-muscles  of  the 
at  (formaline  and  logwood).  The  unstained 
arrow  sections  of  the  sarcostyles  are  separated 
J  thin  lines  of  staining  sarcoplasm,  and  are 
rranged  in  five  distinct  systems  in  this  fibre, 
rhis  magnification  is  only  about  500  diameters. 

Photo  47.  Transverse  section  of  a  fibre 
rom  the  frog's  sartorius  muscle  (formaline  and 
(^;wood)  ;  at  one  part  there  has  been  some 
hrinkase  and  a  consequent  wrinkling  of  the 
vails  ofthe  sarcostyles. 


Photo  44.  Optical  longitudinal  section  ol 
a  fibre  from  the  frog's  sartorius  muscle  in  stage 
D  (steamed  only?  There  is  considerable 
longitudinal  dislocation  of  many  of  the  sa«»- 
styies.  The  shape  and  outline  of  the  contracted 
sarcomeres  can  be  seen  at  ^ 

Photo  46.  The  central  part  of  Photo  45 
magnified  rather  more  than  1,000  diameters. 

Photo  48.  Pari  of  a  transverse  section  of 
a  fibre  from  the  firog's  wrtorius  contracted 
(chromic  acid  and  logwood).  The  walls  of  the 
sarcostyles  are  longitudinally  wrinkled  owmg  to 
the  shrinkage  caused  by  the  chromic  acid,  and 
therefore  appear  more  or  less  xig-xagg^.  Cp. 
with  Photo  36. 
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PLATE    XXIV. 


Photo  49.  Two  large  sarcostyles  of  the 
muscles  of  the  large  claw  of  the  crayfish.  These 
and"  all  isolated  sarcostyles  of  tne  following 
photographs  were  prepared  with  chromic  add 
or  formaline,  followed  by  formic  acid,  as 
described  in  the  text  These  two  sarcostyles 
are  stained  with  logwood  and  shew  longitudmal 
foldings  of  the  walls  of  the  sarcomeres. 

Photo  51.  Small  fibril  in  stage  A,  stained 
with  logwood.  All  the  discs  are  well  stained 
and  the  7  discs  appear  as  well  marked  as  the 

/a  discs.    Cp.  with  Phota 

Photo  53.  Small  sarcostyle  in  stage  B. 
The  wall  and  all  the  discs  are  stained  with 
logwood.  The  four  bulged  s^ments  of  the 
wall  in  each  sarcomere  can  be  seen. 


Photo  5a  Similar  saxco8t]des  to  those  of 
Photo  70,  but  they  are  unstained  and  shew  the 
halosofthe  a  discs. 

Photo  52.  Large  sarcostyles  in  sta^  A, 
en  masse,  but  with  many  longitudinal  disloca- 
tions.    Prepared  by  the  ordinary  gold  method 

Photo  54.  Large  sarcostyles  in  stage  Bt 
en  masse.  All  the  discs  appear  almost  eqna^J 
dark. 
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PLATE    XXV. 


Photo  55.  Longitudinal  section  of  large 
uoostyles  en  masse,  in  stage  C,  fixed  with 
hromic  acid  and  stained  with  logwood.  The 
utline  of  the  walls  of  the  sarcomeres  character- 
stic  of  stage  C  is  well  shown. 

Photo  57.  Transverse  section  of  the  claw- 
Quscle  prepared  b^  the  method  of  soaking  in 
irhite  of  egg  descnbed  in  the  text,  and  stained 
^ith  logwood.  The  magnification  is  only  about 
too  diameters. 

Photo  59.  Transverse  sections  of  two 
ibres  of  the  leg-muscle  of  the  house-fly  (fbrma- 
ine  and  logwood).  Each  one  shows  two 
oncentric  rings  of  radially  arranged  narrow 
arcostyles,  separated  by  the  lines  of  stained 
arcoplasm. 


Photo  56.  Several  partially  isolated  small 
sarcostyles  in  a  late  C  stage,  stained  with 
logwood.  The  outline  of  the  wall  is  fiuntly 
indicated. 


Photo  58.    Similar  transverse  section  of  a 
fibre  with  large  sarcostyles.    The  darkly  stained 
wall  with  a  uunt  refraction  halo  is  shown  at  -^ 
and  at  >v  a  section  of  a  sarcostyle  shows  a 
deeply  indented  wall  like  those  in  photo. 


Photo  60.  Longitudinal  section  of  a  fibre 
of  the  leg-muscle  of  the  common  house-fly  fixed 
with  formaline  in  stage  A.  The  cb  discs  and 
their  halos  are  shown  in  parts.  Cp.  with 
Photos  19  and  37. 


•X 


4    . 
I 


jr- 


PROCEEDINGS  OF  THE 

ANATOMICAL  SOCIETY  OF  GREAT  BRITAIN 

AND  IRELAND. 


JULY  1896. 


A  Summer  Meeting  was  held  in  the  Anatomical  Department  of  Oxford 
University  on  Saturday,  July  6th,  1896,  at  4  p.m. 

Professor  Thane  was  in  the  chair,  and  thirty-three  memhers  and 
visitors  were  present. 

Peter  Thomson,  M.B.,  B.Ch.  Vict.,  Demonstrator  of  Anatomy  in 
Owens  College,  Manchester,  was  elected  a  member  of  the  Society. 

Professor  A.  Thomson  demonstrated  specimens  of  different  varieties 
of  the  Pelvis  of  the  Kidney^  also  specimens  of  Spleens  showing  rudi- 
ments of  a  right  lobe^  and  the  cardiac  end  of  a  Stomach,  in  which  the 
mucous  membrane  round  the  orifice  showed  indications  of  a  spiral 
twist)  a  condition  which  Professor  Thomson  regarded  as  possibly  adding 
to  the  security  of  the  cardiac  orifice. 

Dr  Farmer  showed  two  specimens  of  double  Inferior  Vena  Cava, 
and  two  Temporal  hones  in  which  the  lateral  sinus  was  further  forward 
than  usual,  and  only  separated  from  the  surface  by  a  very  thin  plate 
of  bone. 

The  Insular  District  in  the  Cerebrum  of  the  Anthropoid  Ape, 

Professor  D.  J.  Cunningham  read  a  paper  on  the  insular  district  in 
the  cerebrum  of  the  anthropoid  ape.  He  pointed  out  that  whereas 
the  insula  in  man  is  completely  covered  over  by  the  four  opercula,  in  the 
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anthropoid  ape  only  the  posterior  part  is  so  concealed.  The  anterior 
part  of  the  simian  insula  is  free  and  exposed  on  the  surface,  and 
stretches  forward  as  far  as  the  fronto-orbital  sulcus,  which  is  to  be 
regarded  as  a  furrow  corresponding  to  the  anterior  limiting  sulcus  of 
Keil  in  man.  This  exposure  of  the  front  portion  of  the  insula  in  the 
ape  is  due  to  the  absence  of  the  frontal  and  orbital  opercula.  This 
interpretation  of  the  insular  region  is  now  very  generally  accepted,  and 
an  overwhelming  array  of  facts  can  be  brought  forward  in  support  of 
it  One  link  in  the  chain  of  evidence,  however,  is  still  defective,  and 
the  object  of  the  present  paper  is  to  supply  this.  In  man  the 
insular  district  is  known  to  occupy  a  surface  area  closely  corresponding 
to  the  subjacent  caudate  and  lenticular  nuclei.  The  anterior  limiting 
sulcus  of  Reil  lies  immediately  over  the  anterior  end  of  the  caudate 
nucleus,  whilst  the  posterior  end  of  the  insula  extends  back  as  far  as 
the  hinder  end  of  the  putamen  of  the  lenticular  nucleus.  Professor 
Cunningham  showed,  by  means  of  the  lantern,  a  number  of  horucontal 
and  coronal  sections  through  the  cerebrum  of  the  chimpanzee  and  the 
orang.  By  these  it  is  clearly  proved  that  the  submerged  hinder  part 
of  the  insula  of  the  ape  corresponds  only  with  the  lenticular  nucleus, 
and  does  not  extend  as  far  forwards  as  the  anterior  end  of  the  caudate 
nucleus.  This  submerged  portion  of  the  ape's  insula  cannot  be 
regarded,  therefore,  as  the  equivalent  to  the  entire  insula  in  man.  On 
the  other  hand,  when  we  take  the  exposed  part  of  the  simian  island  of 
Beil  into  account,  it  is  seen  that  the  frontonorbital  sulcus  has  precisely 
the  same  position  in  relation  to  the  caudate  nucleus  that  is  occupied  by 
the  anterior  bounding  furrow  of  Beil.  Marchand,  to  some  small 
extent^  has  already  tapped  this  source  of  evidence  in  the  brain  of  a 
lower  ape,  and  also,  in  an  imperfect  manner,  in  the  orang. 

Professor  Cunningham  called  attention  to  the  great  amount  of  vari- 
ation to  which  the  insular  region  of  the  chimpanzee  is  subject,  and 
specially  drew  attention  to  the  fact  that  in  some  cases  a  decided 
advance  is  made  towards  the  condition  found  in  man.  He  showed  a 
series  of  photographs  by  means  of  the  lantern,  which  exhibited  a 
regular  gradation  in  this  direction.  He  believed  that  these  brains 
showed,  in  a  graphic  and  remarkable  manner,  the  lines  along  which 
the  phylogenetic  evolution  of  the  human  brain  had  taken  place,  and 
this  he  regarded  as  being  rendered  all  the  more  striking  by  the  fact 
that  we  occasionally  meet  with  a  human  brain  which  in  this  respect 
is  arrested  in  its  development  at  a  stage  corresponding  closely  to  the 
highest  stage  of  development  attained  by  the  chimpanzee  brain.  He 
e^dbibited  i^e  photograph  of  such  a  cerebrum.  This  paper  will  shortly 
be  published  in  full. 

Dr  Ambrose  Birmingham  exhibited  a  model  of  tJie  Abdominal 
Viscera,  and  described  the  chief  points  of  interest  A  full  description 
of  this  model  will  be  found  on  p.  97  of  the  Journal  of  Anatomy, 

Dr  T.  H.  Brtcb  read  the  following  Note  on  a  Case  of  Fectoralis 
minimus. 
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This  muscle  is  one  of  the  rarer  forms  of  variety  in  human 
myology. 

Professor  Macalister  (1),  in  his  Catalogue  of  Muscular  Varieties, 
says,  "  pectoralis  minimus  is  described  by  Professor  Gruber  {Mem.  de 
VAead.  Imp,  de  St  Petersbourg,  series  vii.  tom.  iii.),  and  was  previously 
remarked  by  Bohmer ;  it  lies  superficial  to  the  costo-coracoid  membranes 
and  is  attached  internally  to  the  1st  rib — to  the  external  border  of  the 
rhomboid  ligament,  and  by  a  few  fibres  to  the  manubrium  stemi — it 
passes  outwards  superficial  to  the  pectoralis  minor,  to  be  inserted  into 
the  coraooid  process ;  this  is  also  noticed  by  Rosenmiiller ;  it  seems 
like  an  outward  extension  of  the  preclavicularis  medialis."  This 
latter  is  a  fusiform  muscle,  passing  superficial  to  the  subclavius  outside 
the  costo-coracoid  membrane  from  the  cartilage  of  the  1st  rib,  anterior 
stemo-clavicular  ligament^  sometimes  from  the  manubrium,  to  the 
lower  border  of  the  clavicle  in  its  middle  third.  It  has  been  described 
extending  to  the  outer  third,  even  to  the  coracoid  process. 

There  is  yet  another  muscle  passing  from  the  manubrium  and  car- 
tilage of  the  1st  rib — the  "  tensor  semivaginsB  articulationis  humero- 
scapularis  "  of  Gruber  (2).  It  lies  between  the  pectoralis  major  and 
minor,  passes  below  the  coracoid  process,  and  is  attached  to  the  fascia 
over  llie  shoulder-joint  known  as  the  semivagina. 

The  instance  I  have  to  record  occurred  on  the  right  side  of  a  female 
subject  (the  same  in  which  was  found  the  deep  accessory  peroneal 
nerve).  It  arose  as  a  narrow  fleshy  band  from  the  cartilage  of  the 
first  rib,  just  internal  to  the  tendon  of  origin  of  the  subclavius,  from 
the  edge  of  the  manubrium  stemi,  between  the  first  and  second  costal 
cartilages,  and  slightly  from  the  upper  border  of  the  second  costal 
cartilage  at  its  sternal  end. 

From  this  origin  it  passed  over  the  costo-coracoid  membrane  and 
the  pectoralis  minor  to  the  coracoid  process,  where  it  expanded  into  a 
wide  aponeurosis.  This  extended  over  the  process,  was  slightly 
attached  by  its  imder  aspect  to  its  tip,  but  was  in  direct  continuity 
with  the  fascia  over  the  shoulder-joint.  This  part  of  the  fascia, 
strengthened  by  the  fibres  from  the  tendon,  had  definite  attachments : 
upwards,  it  was  attached  to  the  anterior  border  of  the  clavicle,  internal 
to  the  coraco-clavicular  ligament ;  below,  it  passed  downwards  over  the 
coraco-brachialis ;  backwards,  it  passed,  first,  over  the  upper  surface  of 
the  coraco-acromial  ligament,  with  which  it  was  intimately  connected, 
to  be  continued  as  a  delicate  layer  over  the  supraspinatus  muscle ; 
2nd,  over  the  subacromial  bursa  and  capsule  of  the  joint,  to  be  con- 
tinuous with  the  thin  deeper  layer  of  the  fascia  over  tiie  infraspinatus 
muscle  under  the  deltoid. 

Unfortunately,  I  was  imable  to  determine  its  nerve  supply,  as  its 
nerve  was  cut  before  my  attention  was  directed  to  the  muscle. 

Professor  Windle  (3)  found  the  pectoralis  minimus  in  two  cases 
supplied  by  the  extemal-anterior-thoracic  nerve. 

Knott  (4)  described  two  cases  in  which  the  muscle  arose  from  the 
Ist  rib  cartilage  alone. 

The  muscle  in  the  present  instance  corresponds  exactly  to  none  of  the 
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muscles  described  as  arising  from  the  1st  rib  cartilage  and  manubrium. 
It  is  attached  slightly  to  the  tip  of  the  coracoid  process,  not  to  its 
inner  border,  as  is  the  pectoralis  minimus  proper.  It  passes  over,  not 
under,  the  process,  as  in  the  "tensor  semivaginaB."  If,  with  Pro- 
fessor Macalister,  we  regarded  the  pectoralis  minimus  as  an  extension 
outwards  of  the  praeclavicularis  medialis,  then  the  present  muscle  is  a 
futher  extension  outwards  of  the  minimus ;  while  the  *^  tensor  semi- 
vaginas"  would  be  a  still  further  extension  outwards  of  the  same 
muscle. 

I*rofessor  Windle  (3)  regards  the  pectoralis  minimus  as  the  repre- 
sentative in  man,  of  what  he  terms  the  deep  manubrial  radial  division 
of  the  pectoral  sheeth,  supplied  by  the  anterior  thoracic  nerve.  He 
says: "  It  (t.e.  deep  manubrial)  is  rather  an  inconstant  muscle,  the  group 
in  which  it  is  most  generally  existant  being  the  Camivora.  It  arises 
beneath  the  superficial  manubrial  from  the  edge  of  the  manubrium 
and  adjacent  parts  of  the  1st  rib,  and  passes  as  a  narrow  strap-shaped 
muscle  either  to  the  head  of  the  humerus,  the  coracoid  process  of  the 
scapula,  or  possibly  occasionally  to  the  fascia  over  the  supraspinatus, 
or  other  parts  of  the  posterior  surface  of  the  scapula." 

If  we  accept  strictly  the  radial  divisions  of  the  pectoral  sheet 
into  manubrial,  gladiolar,  tkc,  it  seems  necessary  to  include  as  deep 
manubrial  such  a  slip,  as  I  have  noted  several  times  in  dissecting  the 
pectoralis  major  in  the  human  subject.  The  highest  costal  origin  of 
the  sternal  part  in  these  cases  arose  from  the  Ist  rib  cartilage  and  the 
edge  of  the  manubrium  as  a  separate  slip,  which  crossed  the  costo- 
coracoid  membrane  and  pectoralis  minor,  partially  fused  with  the 
gladiolar  part^  and  was  inserted  with  it  into  the  upper  part  of  the 
humeral  attachment.  Between  it  and  the  second  costal  origin  there 
passed,  in  one  case,  a  large  branch  of  the  external  anterior  thoracic 
nerve  into  the  substance  of  the  pectoralis  major. 

If,  therefore,  we  regard  this  highest  separate  costal  slip  as  deep 
manubrial,  we  have  in  it,  in  the  pectoralis  minimus,  and  in  the 
muscle  I  have  described,  representatives  of  all  the  insertions  which 
Professor  Windle  describes  for  the  deep  manubrial  muscle ;  and  if  we 
added  the  prseclavicularis,  we  might  have  represented  in  man,  by  a 
variety  of  vestigial  slips,  such  a  deep  manubrial  as  is  found  in  the 
superficial  part  of  the  stemo-scapularis  of  the  rabbit,  i.e.,  that  part 
supplied  by  the  anterior  thoracic  nerve. 

Regarding  this  stemo-scapularis,  however,  and  indeed  the  whole 
group  of  muscles  arising  from  the  1st  rib  cartilage,  there  is  much  doubt, 
owing  to  the  difficulty  of  distinguishing  between  elements  derived 
from  the  subclavius  and  those  derived  from  the  pectoral  sheet,  so  that 
Professor  Windle  only  doubtfully  includes  the  part  of  the  stemo- 
scapularis  supplied  by  the  anterior  thoracic  nerve,  as  representing  in 
its  entirety  the  deep  manubrial. 

The  instance  described  above  of  a  muscle  arising  from  the  manu- 
brium and  1st  costal  cartilage,  and  inserted  into  the  fascia  which 
passes  over  the  head  of  the  humerus  to  the  dorsum  of  the  scapula,  as 
well  as  to  the  clavicle,  is  interesting  in  connection  with  such  a.  muscle 
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as  the  sterno-scapularis,  and  may  possibly  be,  as  I  have  hinted, 
invested  with  some  morphological  value. 
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Dr  T.  H.  Bbycb  gave  a  demonstration  of  a  long  muscular  branch  of 
the  MusciUo-Cutaneous  Nerve  of  the  Leg,  and  read  the  following 
paper : — 

The  usual  arrangement  of  the  muscular  branches  of  the  musculo- 
cutaneous or  superficial  peroneal  nerve  is  as  follows : — Immediately 
on  parting  company  with  the  anterior  tibial,  a  branch,  sometimes 
two  branches,  come  off,  which  enter  directly  the  substance  of  the 
peroneus  longus.  The  main  nerve  passes  downwards  in  the  peroneus 
longus  close  to  the  bone,  and  generally  gives  off  another  branch  to 
that  muscle  from  its  anterior  aspect.  About  the  junction  of  the  upper 
and  middle  thirds  of  the  leg,  the  branch  for  the  peroneus  brevis 
comes  off  from  the  posterior  aspect  of  the  nerve,  which  is  now  tend- 
ing inwards  to  reach  its  position  between  the  peronei  and  the  ext. 
longus  digitorum.  This  branch  is  directed  straight  downwards,  and 
breaks  up  into  twigs  for  the  peroneus  brevis;  but  there  is  some- 
times a  nerve  which  has  a  longer  course,  and  is  worthy  of  special 
description. 

It  was  found  in  four  extremities  out  of  twenty  examined,  and  in 
each  case  a  peroneus  quartus  was  present, — in  two  cases  well  developed, 
in  the  other  two  as  a  thin  slip.  It  came  off  along  with  the  nerve 
for  the  peroneus  brevis,  ran  in  the  substance  of  that  muscle,  close  to 
the  external  border  of  the  fibula.  In  the  lower  third  it  came  to  view 
on  the  posterior  surface  of  the  muscle,  and  was  closely  applied  to  the 
peroneus  quartus,  which  it  supplied. 

In  one  instance  this  latter  muscle  was  exceptionally  Isirge.  It  arose 
from  nearly  the  whole  lower  half  of  the  external  border  of  the  fibula 
by  an  aponeurosis  which  was  common  at  the  upper  part,  to  it  and  the 
brevis,  where,  indeed,  the  quartus  was  intimately  connected  with  the 
brevis.  Moreover,  it  overlapped  the  brevis,  lying  lateral  and  super- 
ficial to  it.  The  muscular  belly  was  12  cm.  long  and  2  cm.  broad, 
and  ended  in  a  tendon  which  was  attached  to  the  outer  side  of  the 
OS  calcis,  below  and  behind  the  peroneal  groove.  There  was,  in  addi- 
tion, the  usual  slip  to  the  fifth  toe  from  the  tendon  of  the  brevis, 
from  which  also  a  tendinous  slip  passed  to  the  fascia  over  the  fourth 
interosseous  space. 

In  each  case  the  nerve  supplied  the  muscle,  but  did  not  end  in  it. 
In  two  extremities  it  was  traced  to  the  outer  side  of  the  os  calcis, 
where  it  was  lost  below  the  peroneal  bands.     In  the  other  two  ex- 
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tremities  it  was  followed  below  these,  under  the  peronei  tendons,  to 
their  inner  side,  where  it  lay  along  the  outer  border  of  the  extensor 
brevis  digitornm.  It  broke  up  into  a  number  of  twigs,  which  ended 
in  the  muscular  substance  of  the  outer  slip  of  the  muscle ;  but  somo 
filaments  were  traced  along  the  4th  interosseous  space,  as  far  as  the 
base  of  the  4th  metatarsal  bone,  where  they  were  lost  in  the  ligamenU 
attached  to  it. 

This  nerve,  so  far  as  I  can  find  out,  seems  to  have  escaped  notice, 
as  a  variety  in  the  distribution  of  the  musculo-cutaneous,  for  it  is  not 
given  in  any  of  the  text-books,  nor  in  such  of  the  special  papers  on 
the  morphology  of  the  peroneus  brevis,  and  extensor  brevis  digitorum 
as  I  have  had  access  to,  nor  does  Huge  (1)  mention  it  in  his  memoir  on 
the  extensor  muscles.  In  that  memoir  he  described  very  completely 
the  distribution  of  the  peroneal  nerve  in  many  of  the  mammalian 
orders,  to  elucidate  the  morphology  of  the  extensor  group  of  muscles. 
I  must  briefly  review  his  results,  to  throw  light  on  the  relations  of  the 
nerve  I  have  described. 

In  Ornithorhynchus  the  short  extensors  of  the  toes  arise  from  the 
fibula,  and  are  the  extensor  brevis  dig.  I-IY,  and  the  extensor  brevis, 
dig.  y .  The  peroneal  nerve  divides  into  a  superficial  cutaneous  branch, 
and  a  deep  muscular :  with  the  latter  we  are  alone  concerned.  It  gives 
off  branches  to  the  peroneus  longus,  ext.  br.  dig.  Y,  and  the  ext.  brev. 
dig.  I-IY ;  the  branch  to  the  last  uamed  passes  down  its  lateral  border, 
and  can  be  traced  to  the  tarsus.  The  deeper  branch  passes  further 
inwards,  and  suppUes  the  extensor  longus  digitorum  and  the  extensor 
longus  hallucis,  in  which  the  nerve  ends. 

In  the  Marsupialia  the  ext.  brev.  hallucis  lies  on  the  dorsum  of  the 
foot,  while  the  extensor  brev.  dig.  II-IV  and  ext.  brev.  dig.  V  arise 
from  the  fibula  (fig.  I).  Professor  Cunningham  (2)  has  described  the 
distribution  of  the  nerves  in  Thylacine  and  Cuscus.  He  says  that  the 
peroneal  nerve  divides  into  a  superficial  purely  cutaneous  branch,  and 
a  deeper  muscular  and  cutaneous  branch  corresponding  to  the  anterior 
tibial.  From  the  latter  all  the  muscular  branches  arise :  one  of  these 
he  notes  as  a  long  slender  branch,  passing  downwards  to  supply  the 
lower  portions  of  the  ext.  brevis. 

Ruge,  in  Diddphys  Virginia  (fig.  1),  describes  the  peroneal  nerve, 
dividing  into  a  superficial  purely  sensory  branch,  and  a  deeper,  which 
passes  between  the  two  heads  of  the  peroneus  longus,  and  breaks  into 
many  branches,  motor  and  sensory.  The  branch  for  the  peroneus 
longus  goes  direct  to  the  muscle ;  the  branches  for  the  peroneus  brevis 
and  the  extensor  brev.  dig.  II-IV  pass  between  the  short  extensor  of 
the  y  and  that  of  the  lY  toe.  Along  the  lateral  border  of  the  ext. 
brev.  dig.  II-IY  there  runs  to  the  central  fourth  of  the  leg  a  fine  stem  to 
this  muscle ;  the  nerve  to  the  long  extensor  passes  underneath  the 
tendinous  origin  of  the  peroneus  brevis,  while  between  the  fibular  and 
the  mesial  muscles  runs  the  nerve  to  the  tibialis  anticus,  which,  as  the 
deep  peroneal  or  anterior  tibial,  reaches  the  extensor  brevis  hallucis  on 
the  dorsum  of  the  foot,  after  supplying  the  extensor  longus  hallucis. 
The  stem  to  the  extensor  brevis  dig,  II-IV,  Buge  regards  as  homologous 
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with  the  long  branch  to  the  aame  muscle  in  Ornithorbynchue,  which 
reaches,  however,  the  tarsus  in  that  case. 

Among  the  Rodeutia,  the  rabbit  has  two  short  extensors  arieJnff 
from  the  le^ — the  ext,  dig,  IV  and  V,  or  peronei  dig.  IV  and  V,  Their 
muscular  bellies  are  confined  to  the  proximal  part  of  the  leg,  and  to 
them  the  nerves  pass  off  from  the  peroneal  in  a  bunch — there  is  no 
special  long  branch;  but  in  Mjozus,  Rnge  has  described  a' nerve 


Fig.  l.—ZHdelpkya  Virginiana  (after  Rnge), 

supplying  these  muscles,  and  running  behind  the  external  malleolus  to 
the  outer  side  of  the  foot  and  ith  int«rphalangeal  space.  In  Cavia 
the  corresponding  nerve  ends  on  the  metatarsus. 

Among  the  Cimivora,  I  have  dissected  the  nerve  in  FelU  dom. 
(fig.  2)  and  Lutra  vulgaris.  In  the  former  the  nerve  for  the  extensor 
brevis  dig.  V,  which  is  now  the  only  element  of  the  short  extensor 
series  arising  from  the  fibula,  comes  off  in  common  with  the  nerve  for 
the  peroneus  brevis,  from  the  superficial  peroneal,  now  the  musculo- 
cutaneous of  human  anatomy.  It  gives  first  a  twig  to  the  extensor 
brev.  dig.  Y,  and,  a  little  lower,  two  or  more  to  the  per.  brevis,  and 
then  passes  between  these  two  muscles  to  the  back  of  the  peroneus 
brevis.  On  this  it  is  continued  down  to  the  external  malleolus, 
behind  which  it  passes  along  the  outer  face  of  the  os  calcis,  under 
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Fig.  2.— Fdis  domatim  {utter  Rage). 
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the  peroneal  tendons.  It  appears  on  theii  inner  dde,  on  the  outer 
bolder  of  the  extensor  brevia  digitorum,  in  which  it  bi^aks  up.  The 
anterior  tibial  nerve  ends  below  the  inner  part  of  the  extensor  brevie, 
which  it  supplies.  In  Lutra  the  nerve  gives  off  a  superficial  branch 
over  the  doreum  of  the  foot  above  the  external  malleolus,  then  pass- 
ing behind  this  process  it  lies  along  the  outer  border  of  the  extensor 
brev.  dig.  b)  reach  the  cleft  between  the  4th  and  6th  toes. 

Kuge  thus  sums  up  the  arrangement  of  this  nerve,  which  he  calls 
the  deep  acceeeory  peroneal  nerve  in  the  Camivora : — 

"The  muscular  branch  for  the  peroneua  brevia  and  ext.  biev. 
dig.  V  passes  on  the  mesial  aspect  of  the  latter,  goes  between  them, 
and  runs  as  the  deep  accessory  peroneal  nerve  to  the  dorsum  of  the 
foot^  where  it  may  supply  the  extensor  brevis  digitorum  " — as  in  Felia 
dom.,  Fdis  leo  and  Metes — ^"or  distribute  iteeU  to  the  skin  of  the 
sides  of  the  toes  (4th  and  5th),"  as  in  Kama  aoHalU,  "or  it  may  end 
in  the  middle  of  the  tarsus,  or  even  in  the  leg,"  as  in  Kustela. 

Among  the  apes,  in  the  Simiidte  there  is  usually  an  extensor  brevia 
quinti  dig. :  in  certain  Catarrhines  it  arises  from  the  proximal  part 


FlO.  3. — Aula  paniKUi  (after  Rnge). 

of  the  fibula,  as  in  Camivora,  i&c. ;  while  in  the  Platjrrhines,  in 
Cebus  and  Ateles,  it  comes  from  the  distal  fourth.  In  the  latter  Rnge 
described  a  specimen  in  which  it  was  present  on  one  side,  fused  with 
the  poToneus  brevis  on  the  other. 

In  the  case  of  the  lower  origin  of  the  ext  br.  dig.  V,  as  in  Atelea 
(fig.  3),  the  branch  for  the  muscle  comes  off  from  the  superficial 
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peroneal,  and  forks  on  the  proximal  aspect  of  the  peioneus  brevis  into 
two  branches — an  anterior  for  the  peroneus  brevis,  a  posterior  for 
the  ext.  brev.  dig.  V.  In  the  case  of  Cebus,  where  the  latter  muscle 
was  fused  with  the  peroneus  brevis,  the  nerve  ended  in  it  In  the 
anthropoid  apes  the  extensor  brevis  digiti  quinti  is  no  longer 
present  as  an  individual  muscle,  existing  only  in  the  form,  as  bo 
frequent  in  man,  of  a  slip  from  the  tendon  of  the  per.  brevis 
attached  to  the  metatarsal  bone,  or  the  long  extensor  tendon  of 
the  y  toe.  The  accessory  peroneal  nerve  ends  in  the  branch  to  the 
peroneus  brevis. 

Buge  says : — ''  I  have  never  been  able  to  trace  the  deep  accessory 
peroneal  nerve  to  the  dorsum  of  the  foot  in  the  apes  "  (compare  Hep- 
bum  (3)). 

The  anterior  tibial  nerve  now  supplies  the  whole  of  tibe  extensor 
brevis  digitorum,  which  arises  on  the  dorsum  of  the  foot. 

Thus  we  have  a  fairly  coherent  sequence.  In  Omithorhynchus  a 
muscular  branch  of  the  peroneal  nerve  supplies  the  whole  short 
extensor  group,  with  the  exception  of  the  quinti  digiti,  which  gets  a 
special  nerve,  arising  close  to  it.  In  Didelphys  the  corresponding  nerve 
supplies  the  extensor  brevis  dig.  II-IY,  a  special  branch  in  close  con- 
nection with  it  going  to  the  dig.  Y,  while  tlie  anterior  tibial  supplies 
the  extensor  brevis  hallucis.  In  the  Carnivora  the  nerve  is  associated 
with  the  cutaneous  branch :  at  its  origin  from  the  peroneal  trunk  it 
supplies  the  peroneus  brevis  and  ext.  brev.  dig.  Y,  and  is  continued 
to  the  foot  to  supply  the  ext  brev.  dig.  lY,  now  on  the  dorsum  of 
the  foot ;  it  repeats  the  condition  in  Omithorhynchus,  supplying  the 
joints,  but  adding  the  function  in  certain  members  of  the  group  of 
supplying  the  skin  of  the  4th  and  5th  toes.  In  the  lower  apes 
the  homologous  nerve  supplies  the  peroneus  brevis  and  ext  brev. 
dig.  Y,  but  fails  to  reach  the  foot  It  has,  as  a  mle,  disappeared 
in  anthropoids  and  man,  with  the  disappearance  of  the  independent 
ext.  brev.  dig.  Y,  and  the  anterior  tibial  nerve  has  displaced  it  on 
the  dorsum  of  the  foot  by  supplying  the  whole  extensor  brevis 
digitorauL 

In  the  present  cases,  we  have  in  the  human  subject  a  repetition  of 
the  ancient  supply  of  the  extensor  brevis  digiti  quarti,  and  a  repetition 
of  a  long  branch  of  the  peroneal  nerve  going  to  the  dorsum  of  the 
foot,  to  end  in  the  4th  interosseous  space,  as  seen  typically  in  the 
Carnivora  and  Bodentia. 

I  cannot  believe,  while  quite  willing  to  agree  with  Cunningham, 
Brooks,  Paterson,  and  others,  that  the  nerve  supply  to  a  muscle  is  not 
an  invariable  guide  to  its  homologies, — that  we  have  here  to  do  with  a 
mere  shunting  of  nerve  fibres  without  morphological  import,  in  view 
of  the  exact  repetition  of  the  course  of  the  nerve  foimd  in  the 
Carnivora. 

The  cases  described  differ,  however,  from  the  condition  observed  in 
the  lower  mammals,  in  the  substitution  of  the  peroneus  quartus  for 
the  extensor  brevis  digiti  quinti,  and  they  raise  anew  the  question  as 
to  the  nature  of  this  muscle.    Testut  (4)  regards  it  as  corresponding  to  a 
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fonn  of  the  exteneot  quinti  digiti,  and  its  relations  to  the  deep  Oicoea- 
soiy  peroneal  nerve  strongly  support  this  view.  We  have  a  number 
of  anomalous  muscles  described  as  arising  from  the  lower  part  of  the 
fibula. 

I.  The  PeroneuB  quinti  digiti. 

Profeeaor  Cunningham  and  Dr  Brooks  (D)  described  two  instances 
of  an  independent  peroneus  quinti  digiti.  In  one  the  mnacular  belly 
arose  from  fibula  partially  blended  with  the  peroneus  brevis  ;  in  the 
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other,  it  was  attached  to  the  septum  between  the  peroneus  bievis 
and  fiexor  longus  hallucis.  Professor  Macolister  (6)  and  (7)  describes 
it  as  arising  from  the  lower  fourth  of  the^fibula,  below  the  peroneus 

II.  The  Peroneus  quortus  in  two  forms— the  peroneo-calcaneus 
extemus  and  the  peroneo-cuboideus.  It  is  present,  according  to  Qruber, 
in  13  per  cent,  of  cases.  In  one  of  my  cases  it  was  intimately  asso- 
ciated with  the  peroneus  brevis,  and  arose  from  the  same  septum  from 
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which  Professor  Cunningham  describes  the  peronens  qninti  digiti  as 
arising.  In  the  others,  it  was  a  mere  rudiment,  but  always  attached 
to  the  fibula  by  means  of  this  septum.  The  conclusion  of  Testut, 
that  the  peroneus  quartus  and  quintus  are  one  and  the  same  muscle 
seems,  therefore,  well  grounded ;  and  accordingly  we  may  say  that  the 
extensor  brevis  digiti  quinti  may  be  represented  in  man  in  several 
forms,  and  that  when  the  fleshy  belly  is  independent,  it  is  supplied 
by  a  nerve  homologous  with  that  which  supplies  the  muscle  in 
the  lower  mammals,  viz.,  "the  deep  accessory  Peroneal  nerve"  of 
Ruge. 

It  may  occur,  I.  (a)  As  a  tendinous  slip  from  the  peroneus  brevis  to 
the  extensor  tendon  of  the  little  toe,  arising  from  the  tendon  any- 
where between  the  malleolus  and  its  insertion,  or  attached  some- 
times to  the  base,  sometimes  to  the  heed  of  the  5th  metatarsal 
bone,  (b)  This  slip  may  have  developed  on  it  a  fusiform  muscular 
belly  (8). 

II.  As  an  independent  muscle,  with  an  independent  muscular  belly, 
and  a  separate  tendon  inserted  into  the  aponeurosis  of  the  extensor  ten- 
don of  the  5th  toe. 

III.  In  a  dismembered  condition.  The  muscular  belly  is  separated 
from  its  tendon,  and  has  acquired  a  new  attachment  (a)  to  the  cal- 
caneum,  (b)  to  the  cuboid,  or  even  (c)  to  the  5th  metatarsal  bone,  or 
(d)  to  the  tendon  of  the  flexor  longus  hallucis ;  while  the  muscular 
belly  may,  as  the  peroneus  quartus,  coexist  with  the  tendinous  slip 
from  the  peroneus  brevis,  as  in  two  of  the  cases  which  have  been  the 
subject  of  this  paper. 

Papers  referred  to, 

(1)  RuoE,  Morpholog.'Jdhrbucli,  iv.  1878. 

(2)  Cunningham,  Jour.  Anat.  a/nd  Phys.,  vol.  xv. 

(3)  Hepburn,  Jour,  Anat,  wnd  Phya.,  vol.  zxvi. 

(4)  Testut,  Les  Anomalies  Mttsculaires  chez  Vhomrm, 

(5)  Cunningham  and  Brooks,  Proc,  Roy,  Irish  Acad,,  b.  3,  vol,  i. 

(6)  Macalisteb,  Proc,  Eoy,  Irish  Acad,,  vol.  x.,  1866-67. 

(7)  Do.  Trans,  Moy,  Irish  Acad,,  vol.  xxv. 

(8)  Wood,  Proc,  Hoy,  Soc,  vol.  xvi. 

(9)  Pozzi,  Jour  de  VAnatomie,  &c.,  viii.,  1872. 

Dr  Barclay  Smith  read  a  paper  on  certain  points  in  the  Anatomy 
of  the  Dorsum  of  the  Hand,  As  the  result  of  fifty  dissections,  he  came 
to  the  conclusion  that  the  muscular  slips  to  which  the  term  *  extensor 
brevis  digitorum  manus  *  is  applied  are  very  much  more  frequently 
present  than  is  usually  supposed. 

The  nerve  supplies  were  traced  when  possible,  and  these  were  found 
to  be  derived  from  the  deep  branch  of  the  ulnar. 

From  certain  relationships  to  the  dorsal  interossei  muscles,  and  from 
the  nerve  supply,  he  came  to  the  conclusion  that  these  slips  could  not 
bo  regarded  as  homologous  to  the  extensor  brevis  digitorum  pedis, 
although  from  their  disposition  they  closely  simulated  it. 
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He  discussed  ihe  interpretation  of  the  pseudo-ganglion  on  the 
posterior  interosseous  nerve,  and  suggested  that^  if  it  represents  a 
suppressed  nerve  supply,  it  was  a  cutaneous  rather  than  a  muscular 
distribution  which  had  disappeared. 

The  paper  will  be  found  in  extenso  on  page  45  of  the  Journal  of 
Anatomy, 

Demonstration  Abstract. 

Prof.  D.  J.  Cunningham  stated  that  he  had  recently  made  a  con- 
tinuous series  of  microscopic  sections  through  the  upper  part  of  the 
Spinal  Cord  and  the  entire  extent  of  the  Brain  of  the  Orang  and  Chim- 
panzee, Time  would  only  admit  of  his  showing  a  few  of  these.  All 
the  sections  had  been  stained  by  the  Weigert-Pal  method. 

Amongst  other  points  he  called  attention  to  the  following  features 
exhibited  by  the  slides : — 

1.  By  the  Weigert-Pal  method  the  more  important  tracts  of  nerve 
fibres  were  very  clearly  differentiated  from  each  other.  This  was 
particularly  so  in  the  case  of  the  fillet,  the  pyramidal  tract,  the  direct 
cerebellar  tract,  &c.  These  were  differentiated  not  only  by  the  fact 
that  the  strands  they  represent  are  very  compact,  but  also  by  the 
different  degrees  to  which  they  had  taken  on  the  stain. 

2.  The  decussation  of  the  pyramids  is  complete  in  both  the  orang 
and  the  chimpanzee. 

3.  The  direct  cerebellar  tract  in  the  orang  is  very  remarkable.  It 
is  of  great  size,  and  forms  a  distinct  projection  on  the  surface  of  the 
upper  part  of  the  cord  and  on  the  medulla.  It  is  mapped  out  with 
very  extraordinary  distinctness.  The  great  size  of  this  tract  may  be 
associated  with  the  fact  that  the  orang  has  very  special  powers  of 
arboreal  progression. 

4.  The  great  size  of  the  basal  ganglia  in  relation  to  the  extent 
of  the  cortex  and  medullary  portion  of  the  cerebrum  is  very 
striking. 

5.  The  great  size  of  the  anterior  commissure  in  the  orang  is  also  a 
very  evident  feature  in  the  sections  through  the  anterior  part  of  the 
cerebrum. 

6.  The  arrangement  of  the  fibres  is  apparently  more  simple  than  in 
man,  and  the  chimpanzee  in  this  respect  resembles  the  human  con- 
dition more  closely  than  the  orang. 

After  the  meeting,  a  number  of  the  members  of  the  Society  with 
their  guests  dined  together  in  the  hall  of  £xctcr  College,  kindly 
placed  at  their  disposal  by  the  Authorities.  The  following  is  a  list 
of  the  members  and  guests  who  were  present  :— 

Prof.  G.  D.  Thane,  in  the  chair;  Sir  Henry  Acland,  Prof.  A. 
Thomson,  Dr  J.  S.  BUlings,  Prof.  F.  Gotch,  Dr  H.  Whitelocke, 
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Dr  Ritchie,  Mr  Marriott^  Mr  Hiicbiiigs,  Mr  Pilcher,  Prof.  Cunning- 
ham, Prof.  Paterson,  Prof.  Hughes,  Prof.  Fawcett,  Mr  Makins, 
Mr  Lockwood,  Mr  Openshaw,  Dr  Birmingham,  Dr  A.  Robinson, 
Dr  Bryce,  Dr  Kanthack,  Mr  Tai^ett,  Dr  Flcmming,  Dr  Barclay 
Smith,  Dr  Farmer,  Mr  Higgins,  Dr  Curtis,  Dr  Keith,  Dr  Elliot 
Smith,  Mr  Parsons. 

After  dinner,  the  Oxford  Medical  Club  entertained  members  of  the 
Society  at  their  rooms  in  St  Giles'. 
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Thb  Annual  General  Meeting  of  the  Society  was  held  on  Wednesday, 
November  25th,  in  the  Theatre  of  St  George's  Hospital  Medical  School, 
at  4  P.M.    Present — Professor  Thanb  (President)  in  the  chair,  twenty 
members,  and  nearly  100  visitors. 
The  minutes  of  the  last  meeting  were  read  and  confirmed. 

The  President,  in  moving  the  following  resolutions,  said: — 
"  Since  our  last  meeing  the  Society  have,  in  the  death  of  their  first 
President,  Sir  George  Humphry,  experienced  a  loss  which  will  be 
keenly  felt  by  every  member.  He  was  known  to  all  of  us :  to  most 
he  was  a  friend,  to  many  a  dear  friend.  To  Sir  George  Humphry 
probably  more  than  to  any  other  individual  are  due  the  initiation  of 
tliis  Society  and  the  success  which  has  attended  it  from  the  beginning. 
Another  institution  for  which  we  are  profoundly  indebted  to  Sir 
George  Humphry  is  the  Journal  of  Anatomy  and  Physiotogy^  of 
which  he  was  one  of  the  founders,  and  for  several  years  an  active  con- 
tributor and  conductor,  and  which  has  been  since  1867  the  recognised 
organ  of  English-speaking  anatomists.  In  the  thirty  completed 
volumes  of  the  Journal  are  contained  no  less  than  forty-six  papers 
from  his  pen,  all  of  them  interesting,  and  some  of  the  first  importance. 
Sir  George  Humphry's  anatomical  work  is  in  the  minds  of  all  of  us : 
hfs  fascinating  treatise  on  the  skeleton,  in  which  it  is  shown  how  full 
of  life  the  dead  bones  are  when  skilfully  handled ;  his  essays  on  the 
limbs ;  his  writings  on  the  morphology  of  the  muscular  system,  which 
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constitute  the  backbone  of  current  views  on  that  subject;  and  his 
interesting  studies  of  dwarfs  and  centenarians,  with  others  of  the 
most  varied  nature.  Of  Sir  George  Humphry's  labours  in  other 
spheres,  I  will  only  allude  to  the  Medical  School  of  the  University  of 
Cambridge,  in  which  he  has  raised  for  himself  a  monument  nobler 
and  more  lasting  than  any  work  of  the  sculptor's  art.  And  in  con- 
clusion, do  we  not  all,  in  thinking  of  him,  recall  his  genial  courtesy 
and  kindly  humour;  how  he  would  encourage  the  young  member 
with  sympathetic  appreciation,  and  with  bis  ready  wit  enliven  any 
discussion  that  threatened  to  be  dull?  We  shall  all  agree  that  he 
was  an  ideal  President. 

*'  On  behalf  of  the  Council,  I  beg  to  move : — 

"  (1)  That  the  Anatomical  Society  desire  to  express  their  sincere 
regret  at  the  death  of  Sir  George  Murray  Humphry,  and  their  high 
appreciation  of  his  eminent  services  to  the  Society.  Sir  George 
Humphry's  labours  as  an  active  investigator  and  writer  on  anatomical 
subjects,  as  a  founder  and  editor  of  the  Journal  of  Anatomy  and 
Physiology,  as  Professor  of  Anatomy  in  the  University  of  Cambridge, 
and  as  the  first  President  of  this  Society,  have  ensured  for  his  name 
a  leading  position  in  the  records  of  Anatomical  Science,  while  the 
charm  of  bis  personal  character  secured  the  respect  and  esteem  of  all 
who  knew  him,  as  well  as  the  aJBTectionate  regard  of  those  who  had 
the  good  fortune  to  be  more  closely  associated  with  him. 

*'  (2)  That  a  copy  of  the  above  resolution  be  forwarded  to  Lady 
Humphry." 

Prof.  Sir  Wm.  Tubnbb  seconded  the  resolution  in  the  following 
terms : — 

"  i  wish  to  be  allowed  to  second  the  resolutions  which  have  now 
been  moved  by  the  President.  My  acquaintance  with  Sir  George 
Humphry  extends  back  for  more  than  thirty  years,  and  during  a 
large  part  of  that  time  we  worked  together  in  various  public  capa- 
cities. We  sat  for  many  years  on  the  General  Medical  Council ;  we 
were  closely  associated  with  each  other  in  starting  the  Journal  of 
Anatomy  and  Fhyswlogy,  and  in  editing  the  thirty  volumes  which 
have  been  published  up  to  this  time.  At  his  request  I  co-operated 
with  him,  and  with  you,  Mr  President,  Mr  Lockwood,  Dr  Cumow, 
Mr  Bland  Sutton,  and  others  of  the  anatomical  teachers  in  London, 
in  starting  the  Anatomical  Society,  and  by  your  favour  I  was  chosen 
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as  his  successor  in  the  piesidential  chair.  In  all  my  relations  with 
Sir  George  Humphry  I  experienced  invariable  kindness  and  courtesy. 
I  valued  his  friendship  and  appreciated  his  society.  I  benefited  by 
his  clearness  of  thought  and  expression,  and  by  the  sound  judgment 
which  he  brought  to  bear  on  those  subjects  in  which  we  were  mutu- 
ally interested.  I  deplore  his  removal  from  us,  both  as  a  personal  loss 
and  as  the  withdrawal  from  our  science  of  one  of  its  greatest  orna- 
ments.'' 

The  following  gentlemen  were  elected  officers  for  the  ensuing 
year : — President — ^G.  D.  Thane.  Vicer-FresidenU — Johnson  Syming- 
ton, M.D. ;  R.  W.  Beid,  M.D. ;  A.  H.  Young,  M.B.  Treasurer — 
G.  B.  Howes.  Secretaries — F.  G.  Parsons  (England);  J.  Musgrove, 
M.D.  (Scotland);  A.  F.  Dixon,  M.B.  (Ireland).  GowncU—J),  J. 
Cunningham,  M.D.,  F.R.S. ;  E.  Fawcett,  M.B. ;  Percy  Flemming, 
M.D. ;  A.  Eraser,  M.B. ;  Robert  Howden^  M.D. ;  Arthur  Keith, 
M.D. ;  C.  B.  Lockwoodj  A.  Macahster,  M.D.,  F.R.S. ;  J.  Yule 
Mackay,  M.D. ;  G.  H.  Makins;  T.  H.  Openshaw,  M.B,,  M.S. ; 
A.  M.  Paterson,  M.D. ;  Arthur  Robinson,  M.D. ;  T.  W.  Shore,  M.D. ; 
Barclay  Smith,  M.D. ;  J.  H.  Targett ;  Arthur  Thomson,  M.B. ;  G.  R. 
Turner;  Sir  Wm.  Turner,  F.R.S. ;  Bertram  Windle,  M.D. 

The  Treasurer's  Report,  showing  a  balance  of  £69,  19s.  2d.,  was 
received  and  adopted. 

In  presenting  his  Annual  Report,  the  Hon.  Tbbabubbb  remarked 
that  during  the  year  there  had  been  five  resignations,  and  that  the 
names  of  seven  persons  had  been  removed  from  the  roll,  chiefly  in 
association  with  the  recovery  of  serious  arrears — of  which  he  was 
happy  to  say  the  subscription  list  was  now  wholly  free.  He  remarked 
that  the  financial  feature  of  the  past  year  had  been  the  small  amount 
received  in  annual  subscriptions — ^the  smallest  in  the  history  of  the 
Society :  an  interesting  fact  in  consideration  that  for  three  of  the  last 
five  years  the  income  from  the  year's  subscriptions  fell  far  behind  the 
expenditure. 

Concerning  the  future,  he  remarked  that  the  sum  of  £15,  to  be 
paid  on  the  passing  for  press  of  the  proofs  of  the  Index  to  vols.  xxi. 
to  XXX.  of  the  Jour.  Anat.  and  Phys.,  the  MS.  of  which  is  now  in 
the  Editor's  hands,  represented  the  only  liability ;  and  that  unless  the 
working  expenditure  should  be  inordinate  during  the  current  year, 
that  ought  to  be  one  of  an  improved  financial  position.  With  the 
election  of  the  three  candidates  for  membership  that  afternoon,  the 
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number  of  persons  on  the  Society's  roll  would  reach  148;  and,  in 
anticipation  of  a  more  regular  response  to  the  demand  for  subscrip- 
tions, and  of  the  national  and  historical  interests  which  would  attach 
to  the  events  of  the  year  1896-1897,  he  was  disposed  to  suggest  to 
the  Council  the  founding  of  a  Jubilee  Prize,  as  a  fitting  record  of  the 
work  of  the  Society,  and  of  the  progress  of  Anatomy  during  the 
Yictorian  era. 


The  following  candidates  were  elected  members; — J.  Ltnn 
Thomas,  28  Charles  Street,  Cardiff,  proposed  by  A.  W.  Hughes,  G. 
D.  Thane,  F.  G  Parsons.  Jambs  Cantlie,  Lecturer  on  Applied 
Anatomy  at  Charing  Cross  Hospital,  proposed  by  Stanley  Boyd,  H. 
Waterhouse,  F.  G.  Parsons.  Louise  Appbl,  M.R,  B.S.,  Demonstrator 
of  Anatomy,  London  School  of  Medicine  for  Women,  proposed  by 
Stanley  Boyd,  A.  F.  Piercy  Evans,  P.  Flemming. 

Prof.  Wabdbop  Griffith  demonstrated  the  following  specimens : — 
Heart  with  Imperfection  of  the  Septum  of  the  Ventricles^  and 
other  anomalies  not  giving  rise  to  cyanosis  during  life.  This 
specunen  was  from  a  female  child,  aged  5  months,  who  died  from 
causes  unconnected  with  the  circulatory  system.  During  life  it  was 
noticed  that  the  heart  was  enlarged  and  was  beating  strongly,  and  a 
loud  systolic  bruit  was  audible  over  the  precordial  area.  There  was 
no  cyanosis.  The  external  configuration  was  not  quite  natural ;  the 
whole  heart  was  large  and  massive,  and  the  muscle  of  the  ventricular 
part  was  very  distinctly  marked.  There  was  enlargement  and  pro* 
minence  of  the  right  auricle,  while  the  left  auricle  was  small  and 
entirely  in  the  back  groimd.  The  pulmonary  artery  was  about  double 
the  caUbre  of  the  aorta ;  the  valves  guarding  the  orifices  of  each  were 
perfect,  and  had  the  usual  mutual  relationship.  The  coronary 
arteries  arose  normally. 

The  auricular  septum  ended  below  in  a  free,  well-defined,  slightly 
concave  margin.  It  was  perforated  over  the  area  of  the  fossa  ovalis  by 
many  small  rounded  and  oval  apertures.  The  appendix  of  the  right 
auricle  was  large  and  patulous,  and  had  passing  across  it  in  a  hori- 
zontal plane  from  before  backwards  a  septum  dividing  its  distal  part 
into  two  compartments,  an  upper  and  a  lower.  The  superior  and 
inferior  cavsB  were  natural,  but  the  Eustachian  valve,  which  was 
small,  in  being  continued  on  to  the  auricular  septum,  embraced  in  its 
concavity  the  opening  of  the  coronary  sinus,  which  was  devoid  of 
any  trace  of  Thebesian  valve.  The  interventricular  septum  was  very 
short,  forming  an  obliquely  antero-posterior  ridge  in  the  lower  part  of 
the  ventricular  cavity.  Traced  backwards  and  upwards  it  tapered  off 
and  seemed  to  be  continuous  with  the  lower  and  back  part  of  the 
auricular  septum,  a  flap  of  auriculo-ventricular  valve  intervening,  to 
the  deep  aspect  of  which  there  passed  from  the  tapered  part  of  the 
septum  a  small  triangular  fold  of  fibrous  tissue.    Traced  upwards  and 
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forwards,  tlie  aeptum  also  taperod  off,  and  ceased  just  bolow  tho  junc- 
tion of  tho  anterior  and  postoro-left  aottic  a^monte.  PaBBmg  back 
from  this  situation  to  the  Tentricolar  aspect  of  the  anterior  mitral  flap 
was  a  small  thin  fold,  which  waa  continuous  above  with  tho  fibrous 
tissue  below  the  anterior  and  poatero-right  aortic  segments,  and  evi- 


Conm-Biw 


dontljr  represented,  with  its  free  lower  margin,  that  part  of  the  arterial 
bulb  septum  with  which  the  ventriculat  septum  should  have  blended. 
The  auricuio- ventricular  openings  were  not  cut  off  from  one  another : 
there  was  one  large  aperture  leading  from  auriculae  to  ventricular 
part  of  heart.     The  auricular  septum  barely  came  down  flush  wiUi 


«*- 


this  opening,  while  the  centre  of  the  ventricular  septum  was  one  inch 
below  it.  Guarding  this  aperture  were  valves  provided  with  choidn 
tondinecB,  which,  with  some  caie,  one  could  make  out  to  corre- 
spond with  tho  two  mitral  and  the  three  tricuspid  segments. 

The  great  point  of  clinical  interest  in  this  case  is  the  absence  of 
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cyanosis  during  life,  with  a  malformation  of  the  heart  of  such  a  kind 
as  might,  one  would  think,  have  heen  associated  with  a  free  inter- 
mixture of  the  blood  returned  from  the  lungs  and  from  the  general 
system.  I  do  not  intend  to  discuss  the  matter  here,  however,  further 
than  to  say  that  as  there  was  no  obstruction  to  the  passage  of  the 
blood  in  the  normal  direction,  the  mixture  of  the  two  streams  may 
perhaps  not  have  been  great,  and  also  that  the  greater  calibre  of  the 
pulmonary  artery  than  the  aorta  would  tend  to  prevent  cyanosis. 

Heart  shotDtng  Abnormal  Ptdnionary  Valves,  with  great  dilatation 
of  the  trunk  and  branches  of  the  ptdmonary  artery. 

This  specimen,  taken  from  a  man  who  died  of  cerebral  haemorrhage, 
weighed  16  oz.,  and  presented  well-marked  hypertrophy  without 
much  dilatation.  The  foramen  ovale  was  closed.  There  were  some 
slight  degenerative  changes  in  the  mitral  valve,  which  however  was, 
I  think,  functionally  perfect.     The  pulmonary  artery  (fig.  1)  gradu- 
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ally  dilated  in  a  trumpet-like  manner  from  just  above  its  origin,  the 
dilatation  involving  its  two  divisions,  and  some  at  least  of  its  main 
branches.  The  globular  dilatation  of  the  left  artery  would  have 
easily  accommodated  a  golf  ball.  The  walls  of  the  vessel  were  quite 
healthy  and  free  from  any  sign  of  atheroma,  and  I  do  not  think  there 
was  any  lessening  of  the  elasticity  of  the  dilated  part  as  contrasted 
with  the  non-dilated.  The  secondary  pulmonary  branches,  numbered 
1-6  in  the  diagram,  varied  in  size  from  that  of  a  small  pencil  to  that 
of  one's  thumb.     The  ductus  arteriosus  was  closed. 

The  pulmonary  valve  segments  were  four  in  number,  and  practi- 
cally all  of  equal  size.  They  were  very  deep,  measuring  f  inch  from 
attached  to  free  margin ;  and,  needlessly  large,  one  would  say,  for  the 
orifice  they  had  to  guard,  must  have  pressed  against  one  another  to  a 
greater  extent  than  normally  during  the  arterial  recoil.  They  were 
thick  and  strong  in  texture,  and  there  was  no  lunule ;  indeed,  the 
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margin  was  thicker  than  tlie  general  surface  of  each  flap.  The  eeg- 
mente  were  slightly  confluent  at  their  commisnireB,  the  union  between 
s^ment  I  and  ite  neighboure  III  and  IV  being  a  little  more  erten- 
rave  than  that  between  segment  II  and  these  flape.  There  was  very 
little  diiference  in  aia  between  the  openings  into  the  different  ainnses 
of  Yalsalva  :  that  marked  I  was  the  smallest,  and  the  others  followed 
in  the  order  tbey  are  numbered.  The  preaence  of  four  flaps  in  the 
pulmonary  valve  of  practically  equal  ske  cannot  be  accounted  for  on 
pathological  grounds,  and  a  consideiation  of  their  position  (figs.  3  and 
3)  would  lead  to  the  conclusion  that  segments  II  and  IV  had  resulted 
from  a  division  of  the  endocardial  cu^on  which  nonnaUy  develops 
into  the  antero  left  pulmonary  segment,  or,  what  is  practically  the 
same  thing,  HaX  this  coshion  had  been  replaced  by  two. 

Dr  B0LLB8TON  showed  the  three  following  specimens : — 
I.  Heart,  shoteing  a  miacalar  band  passing  between  the  two  mttsaili 
papiUarU  oftheleft  ventricle,  and  capable  of  acting  (w  a  moderator  band. 
Arising  from  the  base  of  the  left  muscularis  papillaris  of  the  left 
ventricle  there  is  a  round  muscular  band  which  rises  upwards  and 
joins  the  right  musculus  papillaris  obliquely  near  its  aummit ;  when 
the  heart  is  relaxed  it  looks  merely  like  an  anastomosing  trabecula 
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Fig.  D. 

passing  the  muscnli  papillaris.  But  when  the  walla  of  the  heart  are 
drawn  apart,  this  muscular  band  appears  to  run  transversely  from  the 
outer  wdl  of  the  left  ventricle  to  the  right  or  anterior  muBculns  papil- 
laris (as  shown  in  fig.  D).  It  thus  represents  a  moderator  band  on 
the  left  ventricle,  such  as  have  already  been  described  by  Sir  W. 
Turner.'  It  also  illuatratea  the  way  in  which  a  moderator  may  be 
'  Jmmdl  (^  Anabmy  and  FhywuHojy,  vol.  zzvii,  p,  lix,  and  vol.  ■*■"■  p,  COS. 
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evolved  from  the  columnte  camesa  of  the  ventricle,  apparently  only 
acting  aa  a  moderator  hand  when  the  ventricle  becomes  dilated  or  ite 
walls  stretched. 

In  this  specimen  it  appears  probable  that  the  normal  position  was 
that  fliBt  deecribed,  viz.,  lying  oblique  on  the  left  ventiiola,  and  not 
running  transverse^  across  its  cavity ;  since  putting  it  in  the  position 
of  a  moderator  band  makes  some  of  its  fibres  appear  to  run  in  an 
abnormal  or  twisted  manner. 

II.  Heart,  shoteing  dKarJing  of  the  right  or  anterior  mnsculw 
papHlarig  of  the  left  veiUride,  and,  as  a  remdt,  aitaehTnent  of  the 
anterior  cuajt  of  the  mitral  naive  directly  to  (he  septum. 


FifrB. 

The  inner  anterior  or  larger  segment  of  the  mitral  valve  is  attached 
normally  at  its  left  oxtiomi^  to  the  chordie  tendinera  of  the  left  or 
posterior  miisculns  papillaris  (A,  fig.  £),  but  at  its  ri^ht  extremity  it 
aruies  directly  from  the  septum  of  the  ventricles.  This  is  owing  to 
the  absence  of  any  chotdro  tendinete  from  the  right  papillary  muscle. 
There  is,  in  fact,  hardly  any  musculos  papillaiis  representing  the  right 
or  anterior  one  (B). 

The  posterior  musculus  papillaris  is  seen  to  be  larger  than  normal, 
and  perhaps  has  hyperttophied  to  compensate  for  Uie  failure  of  its 
fellow. 

For  the  drawings  which  illustrate  this  and  the  previous  specimen  I 
owe  my  sincere  thanks  to  Dr  G,  H.  Goldsmith. 

III.  Heart,  showing  aberrant  atlaehment  of  ehordce  iendimece  on  the 
left  ventricle. 

There  are  two  isolated  and  single  chords  toudinon  showing  abnormal 
attachments. 
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(1)  A  oKoTda  tendinea,  If  inoliea  ia  length,  ariaea  from  the  r^ht 
mnscuhis  papillaris  on  the  left  ventricle,  and  nms  up  to  be  attaohed 
to  the  anterior  or  lai^er  cuap  of  the  mitral  valve,  quite  close  to  lie 
base  of  attachment  on  its  ventricular  aspect,  just  below  the  base  of 
that  aortic  valve  segment  which  has  not  a  coronary  artery  aridng 
from  the  sinua  of  VtUaalva.  This  aberrant  chorda  haa  no  attachment 
to  the  edges  of  the  mitral  valve. 

(2)  A  chorda  tendinea,  f  inch  in  length,  arising  from  the  left 
muBculuB  papillaris,  and  lonnlng  to  be  attached  to  the  endocardinin 
covering  the  outer  vail  of  the  left  ventricle. 

This  chorda  has  no  attachment  to  the  mitral  valve  segments. 

In  none  of  these  three  hearts  was  there  any  evidence  of  patholo- 
gical change,  and  there  is  no  reason  to  think  that  the  abnormalities 
described  were  responsible  for  any  inconvenience  during  life,  or 
embarrassed  the  work  of  the  heart. 

Professor  Wardrop  Griffith  showed  a  specimen  of  Sfusetdtte 
Supradamctdaris  proprias  of  Gruber.     The  muscle  was  present  on 


the  left  side  only,  and  occurred  in  a  male  subject.  Its  origin  was 
from  the  inner  part  of  the  anterior  aspect  of  the  clavicle,  slightly 
tendinous,  and  quite  distinct  from  the  sterno-mastoid  and  pectoralis 
major.  It  passed  out  above  the  clavicle,  and  expanding  into  a  ten- 
dinous lamina,  was  inserted  paitiallj  into  the  skin  and  partly  into 
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the  fascia  over  the  trMwntis,  claviele,  and  deltoid.  Two  eaprft- 
claTicnlar  twigs,  Irom  ue  innet  ct  which  its  nerve  wu  derived, 
passed  between  it  and  the  clavicle,  while  the  sapia-acTomial  branch 
passed  thiongh  its  aponsnrotic  expansion. 


Professor  Gbifpith  then  lead  a  paper  on  an  Abnormal  Mtade 
of  the  Hand,  with  remarks  an  the  course  of  the  radial  artery.  The 
paper  will  be  found  in  exteneo  on  p.  283  of  the  Journal  of  Anat.  and 
Phys. 

The  abnormal  mnscle  was  the  first  dorsal  interosseous,  and  the 
writer  draws  attention  to  the  frequence  of  variation  in  it.  The  rela- 
tion of  the  radial  artery  to  the  itdductor  obliquns  is  discussed,  and 
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Intention  directed  to  the  ligament  which  ooDBects  the  proximal  ends 
of  the  first  and  second  metacarpal  bones. 

All  Abihdb  Earm  brought  before  the  meeting  aa  Indian  Oontor- 


Uoniet,  who  coold  throw  hie  limbs  into  a  great  nnmber  of  abnormal 
poatnree.  The  contortioniBt  was  a  Panjabi,  and  belonged  to  that 
peculiar  ascetic  eect  of  Brafamina  known  as  YogL  He  was  believed 
to  be  the  first  of  his  sect  that  had  visited  England.  He  was 
forty-five  yean  of  age,  and  for  the  last  forty  years,  in  obedience 
to  the  leligione  tenets  of  the  sect  to  which  he  belongs,  practised 
putting  his  limba  in  muiy  peculiar  postures  that  had  an  interest  for 
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anatomists.  The  acoompanying  two  blocks,  which  are  here  repro- 
duced by  permission  of  the  Editor  of  the  Sketchy  show  some  of  the 
Yogi's  peculiar  postures.  All  his  contortions  are  due  to  a  power  of 
hyper^flezion  of  the  knee,  hip,  ankle,  elbow,  shoulder,  and  wrist 
joints.  He  had  no  power  of  hyper-extension  in  those  joints.  To 
perform  these  movements  the  ligaments  of  these  joints  had  become 
elongated  to  a  marked  degree,  and  yet  the  Yogi  coiQd  walk  and  jump 
with  the  greatest  precision.  It  was  impossible  to  make  a  thorough 
passive  examination  of  the  joints,  as  the  muscles  surrounding  them 
involuntarily  contracted  and  kept  the  bones  firmly  in  apposition.  In 
hyper-flexion  of  the  hip-joint  the  head  of  the  femur  made  the  same 
peculiar  noise  as  is  heard  in  disarticulation  of  that  joint.  The  con- 
tortions cause  the  Yogi  no  pain ;  and  one  of  his  most  peculiar  postures, 
which  consists  in  supporting  lids  body  on  the  tips  of  his  fingers  with 
his  legs  folded  over  his  loins,  he  undertakes  to  keep  up  for  five  days 
on  end.     His  bones  were  quite  normal  in  rigidity  and  in  shape. 

The  Yogi  went  through  over  thirty  different  postures  before  the 
meeting. 

Professor  Thanb  pointed  out  that  the  condyles  of  the  humerus  and 
the  olecranon  kept  their  normal  positions  in  the  various  postures  into 
which  the  arms  were  thrown.  He  was  also  of  opinion  that  the  crucial 
ligaments  of  the  knee-joint  were  quite  in  a  normal  condition. 

Mr  A.  F.  Trbdgold  read  a  paper  on  Rib  Variations  in  the  Primates, 
with  especial  reference  to  the  number  of  sternal  Hbs  in  man.  The 
paper  is  printed  in  extenso  on  p.  288  of  the  Jour,  of  Anat.  and  Phys, 
The  ribs  normally  found  in  man  are  7  true,  3  false,  and  2  floating ; 
but  deviations  from  this  arrangement  are  repeatedly  noticed :  these 
are — 

Ist,  An  increase  in  the  total. 

2nd,  A  decrease  in  the  total. 

3rd,  An  alteration  in  the  number  of  true  ribs,  or  a  variation  in  the 
attachment  of  the  8th  costal  cartilage. 

''Is  it  possible,''  he  asks,  "to  account  for  these  abnormalities  by  a 
study  of  the  rib  variations  in  the  lower  primates  1 " 

He  had  obtained  particulars  of  10  genera, — ^in  all,  380  specimens — 
made  up  of  81  monkeys,  52  apes,  and  235  men;  and  care  had  been 
taken  to  only  include  those  specimens  which  might  be  considered  quite 
reliable  and  untampered  with.  In  this  series  the  following  f&cia  are 
noticed : — 

Isty  That  a  gradual  reduction  takes  place  in  the  total  number  of 
ribs  with  rise  in  the  animal  scale. 

2nd,  That  a  coincident  and  proportional  reduction  takes  place  in 
the  number  of  sternal  ribs. 

3rd,  That  the  8th  rib  tends,  from  a  sternal,  to  become  a  costal 
one. 

And  that  these  changes  are  inter-dependent,  and  conduce  to 

4th,  A  gradual  shortening  of  the  thorax  from  below. 

The  writer  illustrated  these  facts  by  means  of  a  diagram  and  table 
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(see  complete  paper),  the  diagram  showing  the  relation  of  the  8th 
costal  cartilage,  and  the  numher  of  tame  and  total  lihs  in  Man,  Apes, 
Semnopitheci,  Macaci,  Cercopitheci,  Platyrrhini  and  Lemnroicbe,  and 
the  table  giving  the  avet'cige  arrangement  in  each  class,  and  thus 
showing  the  changes  numerically. 

From  these  the  series  of  changes  are  readily  seen :  also  the  gradual 
reduction  of  total  and  true  ribs,  and  of  the  thorax  as  a  whole,  and  the 
tendency  of  the  8th  rib,  from  a  sternal,  to  become  a  costal  one. 

In  man  there  are  only  occasionally  (10  per  cent,  of  cases)  8  true 
ribs.  In  apes  30  per  cent,  and  the  number  of  cases  steadily  increases, 
until  in  Cercopitheci  there  are  100  per  cent.,  an  8th  true  rib  always 
occurs ;  and  going  down  still  further,  we  get  a  constantly  increasing 
proportion  of  9,  10,  11,  and  finally  12  sternal  ribs. 

With  regard  to  the  cause  of  this,  it  is  probable  that  the  increased 
variety  of  movement  which  takes  place  in  the  arms  causes  a  change  in 
the  shape  of  the  upper  part  of  the  chest  from  a  compression  laterally  to 
one  from  before  backwards,  and  an  increase  of  capacity,  and  that  a 
compensatory  reduction  takes  place  below.  Certainly  this  expansion 
above  and  reduction  below  go  hand  and  hand. 

What  bearing  have  these  changes  upon  human  abnormalities? 

1^,  With  regard  to  the  variability  of  the  8th  rib. 

This  has  lately  attracted  considerable  attention.  An  8th  true  rib 
occurs  in  man  in  about  10  per  cent,  of  cases,  and  it  has  a  singular 
preference :  it  is  more  common  on  the  right  side,  and  in  the  male 
sex.  The  writer  had  been  unable  to  find  this  preference  obtain  in 
either  apes  or  monkeys. 

Professor  Cunningham  considers  that  it  is  brought  about  in  man 
by  his  being  right-handed,  but  there  are  several  objections  to  this : — 

Id,  That  in  man  an  8th  true  left  rib  is  found  in  a  proportion  of 
cases  far  in  excess  of  left-handed  people.  In  fact,  an  8th  rib  does  not 
occur  so  much  of tener  on  the  right  than  left  side  in  maleef,  although 
it  does  in  females. 

2ndf  The  preference  is  unnoticeable  in  the  apes;  and  they,  especially 
the  orang,  are  also  right-handed. 

3rdf,  This  extension  of  an  8th  rib  to  the  sternum  would  necessarily 
imply  that  man,  or  his  predecessors,  originaUy  possessed  but  7  ribs, 
whereas  we  have  seen  that  a  decided  increase  takes  place  in  the 
number  of  true  ribs  as  we  go  down  the  scale. 

The  change  is  a  distinctly  progressive  one,  and  Mr  Tredgold 
beUeves  more  probable  explanation  is  this : — 

That  man's  thorax,  in  common  with  all  the  primates,  undergoes 
that  gradual  shortening  from  below:  that  part  which  is  more 
functionally  important  is  more  persistent,  that  which  is  less  so  is  more 
inclined  to  go  first.  The  ribs,  originally  protective  for  dorsal  nerve 
and  blood  systems,  have  become  so  modified  in  amphibians,  birds, 
and  mammals,  as  to  be  secondary  structures  almost  solely  to  the 
lungs,  affording  them  protection,  and  being  the  chief  agent  in  their 
expansion.  The  right  lung  \b  of  greater  functional  value  than  the 
left,  weighing  2  oz.  more,  and  the  reduction  of  the  8th  rib  is  conse- 
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quently  lees  apt  to  occur  on  that  side.  The  liver  is  also  an  important 
organ,  needing  protection,  and  probably  exerts  an  influence  on  the 
persistence  of  the  8th  right  rib  to  the  sternum. 

With  regard  to  the  varvationsin  total  number  of  ribs,  the  same  takes 
place  amongst  monkeys  and  apes,  and  the  explanation  is  probably 
twofold : — 

\«t,  That  additional  ribs  are  true  to  the  persistence  of  a  former 
condition.  Parker  states  that  in  the  embryo  of  man  cervical  and 
lumbar  ribs  are  actually  laid  down,  but  subsequently  disappear. 

2ndy  That  decrease,  which  nearly  always  occurs  below, — and  in  man 
there  are  numerous  instances  of  rudimentary  12th  ribs, — ^isbut  a  part  of 
that  steady  progressive  decrease  which  has  been  seen  to  run  right 
through  the  order.  Possibly  the  anatomist  of  the  future  will  describe 
the  normal  number  of  ribs  in  man  as  II. 


PEOCEEDINGS  OF  THE 

ANATOMICAL  SOCIETY  OF  GREAT  BRITAIN 

AND  IRELAND. 


MAECH,  1897. 


An  Ordinary  Meeting  of  the  Society  was  held  on  Friday,  March 
12th,  at  4  P.M.,  in  the  Anatomical  Theatre  of  University  College, — 
Professor  Thanb  in  the  chair.  Twenty-five  members  and  sixteen 
visitors  were  present. 

Letters  acknowledging  the  resolution  passed  at  the  last  meeting 
of  the  Society  from  Lady  Humphry  and  A.  P.  Humphry,  Esq.,  were 
read. 

The  following  gentlemen  were  elected  members  of  the  Society : — 
T.  £.  Gordon,  M.B.,  Demonstrator  of  Anatomy,  Trinity  College, 
Dublin,  proposed  by  D.  J.  Cunningham,  A.  F.  Dixon,  F.  G.  Parsons. 
E.  H.  Taylor,  M.D.,  Examiner  in  Anatomy,  University  of  Dublin, 
proposed  by  D.  J.  Cunningham,  A.  F.  Dixon,  F.  G.  Parsons.  Ray- 
mond Johnson,  M.B.,  B.S.,  F.R.C.S.,  Assistant  Surgeon  to  University 
College  Hospital,  proposed  by  G.  D.  Thane,  T.  W.  P.  Lawrence,  P. 
Flemming.  N.  H.  Algoge,  B.A.,  M.D.,  Demonstrator  of  Anatomy, 
The  Owens  College,  Manchester,  proposed  by  A.  H.  Young,  A. 
Robinson,  D.  J.  Cunningham.  A.  W.  Shbbn,  M.D.,  M.S.,  F.R.C.S., 
Demonstrator  of  Anatomy,  University  College  of  S.  Wales,  Cardiff, 
proposed  by  A.  W.  Hughes,  E.  T.  Hamilton,  F.  G.  Parsons.  G. 
Brooksbank  Jambs,  F.R.C.S.,  Demonstrator  of  Anatomy,  West- 
minster Hospital,  proposed  by  J.  Black,  W.  H.  Marett  Tims,  F.  G. 
Parsons.  P.  Furnivall,  F.R.C.S.,  J.  S.  Sloanb,  M.B.,  B.Sc.,  F.R.C.S., 
W.  £.  MiiiBS,  F.R.G.S.,  Assistant  Demonstrators  of  Anatomy,  St 
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Bartholomew's  Hospital,  proposed  by  H.  J.  Waring,  R.  C.  Bailey,  G. 
B.  Howes.  R.  J.  Gladstone,  M.D.,  F.R-C.S.,  1  Gloucester  Gate, 
Regent's  Park,  N.W.,  proposed  by  J.  Bland  Sutton,  A.  Robinson, 
G.  D.  Thane.  G.  F.  Babnabdo,  M.B.,  CM.,  proposed  by  A.  Keith, 
P.  Flemming,  F.  G.  Parsons. 

Mr  Black  showed  an  Aoeis  with  a  Median  Cleft  of  the  Neural  Arch, 
due  to  want  of  fusion.  The  two  halves  of  the  neural  spine  were 
about  2  mm.  apart,  and  parallel  with  one  another,  and  from  the 
appearance  of  their  opposed  surfaces  these  must  have  been  free  and 
unconnected  by  cartilage.  A  small  ossicle,  however,  connected  with 
the  right  half  of  the  neural  arch  by  a  suture,  partly  obliterated, 
had  reduced  the  gap  to  a  mere  fissure  in  the  immediate  vicinity  of 
the  neural  foramen. 

A  First  Thoracic  Vertebra  was  also  shown,  presenting  a  cleft  pass- 
ing obliquely  between  the  superior  and  inferior  articular  processes  of 
the  right  half  of  the  neural  arch,  and  a  Fifth  Lumbar  presenting  the 
same  feature.  This  condition  Sir  William  Turner  found  in  5  out  of 
31  specimens  of  fifth  lumbar  vertebrsB  of  the  skeletons  referred  to  in 
the  Challenger  Report,  part  xlvii.,  1886 ;  and  Bland  Sutton  states  in 
Morris^  Anaiomy^  it  probably  exists  in  5  per  cent,  of  all  fifth  lumbar 
vertebree.  Professor  Thane  had  a  specimen  of  a  fourth  lumbar 
vertebra,  showing  the  same  appearance;  and  in  Qu,aiv^%  Anatomy 
he  states  that  MM.  Rambaud  and  Renault  say  there  are  always  two 
ossific  nuclei  for  each  half  of  the  neural  arch  of  vertebrae.  Al- 
though it  is  of  rare  occurrence  to  find  the  cleft  in  other  than  the 
fifth  lumbar,  the  fact  of  its  occurrence  in  vertebras  so  widely 
separated  as  the  first  thoracic  and  the  last  of  the  movable  vertebras 
does  certainly  seem  to  lend  support  to  such  a  double  origin. 

Mr  Lawrence  exhibited  a  Iflmg  with  Abnormal  Lobe.  This  speci- 
men (fig.  A,  view  of  the  posterior  border,  the  smaller  lobe  being  dis- 
placed to  the  right)  is  a  left  lung  of  the  following  dimensions — 
height,  8  inches ;  width,  5^  inches ;  thickness.  If  inch.  Its  weight 
is  15^  ounces.  There  is  no  record  as  to  whether  it  was  taken  from 
an  adult.  Two  distinct  lobes  are  present :  the  larger  one  (A)  consti- 
tutes the  greater  part  of  the  lung ;  the  smaller  (B)  fits  into  a  de- 
pression (G)  in  the  lower  half  of  the  posterior  border  of  the  larger 
lobe.  The  dimensions  of  the  smaller  lobe  are — length,  4  inches; 
width,  2^  inches;  thickness,  1^  inch.  From  the  lower  part  of  the 
anterior  border  of  the  larger  lobe  a  fissure  starts  and  passes  upwards 
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round  the  outer  surface  of  the  lung ;  on  the  mesial  sur&ce  the  same 
fissure  runs  up  towards  the  hilnm  ;  the  surfaces  hounding  the  fissure 
were  intimately  united  hy  adhesions,  which  were  carefully  divided 
and  the  fissure  traced  upwards  ahout  half  the  height  of  the  lung,  at 
which  level  it  ceased.  The  hronchus  divides  into  two  hranches, 
the  upper  one  going  to  the  main  lohe,  the  lower  one,  almost  equal  in 
diameter  to  the  upper,  to  the  smaller  lohe.  The  arrangement  of  the 
arteries,  veins,  and  hronchial  tubes  at  the  hilum  is  that  normal  to 
the  left  lung.  A  sulcus  in  the  outer  surface  of  the  smaller  lobe 
lodges  the  vein  (D)  of  the  lobe.  One  of  the  branches  (E)  of  the 
pulmonary   artery  enters  the  lobe  with   the  bronchial   tube   and 
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superiorly  to  the  latter ;  and  another  branch  or  offset  of  the  last-named 
branch  passes  superficially  down  the  inner  surface  of  the  lobe  close  to 
the  anterior  border,  almost  reaching  the  lower  end  of  the  lobe,  and 
distributing  branches  to  the  organ  in  its  course. 

From  the  situation  of  the  smaller  lobe,  the  large  size  of  the 
bronchial  tube  going  to  it,  and  the  absence  of  any  complete  fissure 
corresponding  to  the  normal  fissure  of  the  left  lung,  it  is  concluded 
that  the  smaller  lobe  is  an  imperfectly  formed  lower  lobe,  and  not  a 
supernumerary  lobe. 

The  specimen  was  taken  from  a  patient  under  Dr  Bradford. 

Dr  Fbroy  Flbmmino  showed  three  specimens  of  Abnormal  Muscles 
that  had  been  found  during  the  present  term  in  the  dissecting-room  of 
University  College. 
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A  Redvs  Femoris  with  three  Heads :  the  third  head,  more  slender 
than  the  others,  arose  from  the  upper  part  of  the  notch  between  the 
anterior  ihac  spines.  The  ahnormality  seems  a  rare  one  ;  it  is  noted 
by  Macalister  and  Knott,  and  Testut  merely  refers  to  those  cases. 

Peroneo- calcaneus  intemvs :  the  muscles  arose  from  the  posterior 
surface  of  the  fibula  for  the  lower  fourth  of  its  extent,  below  and 
external  to  the  flex,  long,  hall.,  pGissed  beneath  the  internal  an- 
nular ligament  with  the  tendon  of  the  latter  muscle,  to  be  inserted 
into  the  inner  surface  of  the  os  calcis  just  in  front  of  the  susten- 
taculum tab,  blending  with  the  fascia  covering  the  inner  surface  of  the 
flex,  accessorius.  At  its  origin,  the  muscle  could  not  be  distinctly 
separated  from  the/^a;.  long.  hall,  for  its  whole  thickness. 

A  good  specimen  of  this  muscle  was  exhibited  before  the  Society 
by  Professor  Thane  at  the  May  meeting  1891 ;  and  references  to 
other  cases,  with  a  figure  of  the  specimen,  will  be  found  in  the 
Proceedings  for  that  date. 

Levator  clavieulce.  The  specimen  was  found  on  the  right  side 
of  a  male  subject.  The  muscle  arose  mainly  from  the  posterior 
tubercle  of  the  transverse  process  of  the  axis,  and  in  addition  had  a 
slender  slip  of  origin  from  the  lateral  mass  of  the  atlas  blended  with 
the  tendons  of  the  scalenus  medius  and  levator  anguH  scapulas,  the 
main  tendon  being  anterior  to  the  latter  muscle  over  the  axis.  The 
muscle  was  inserted  into  the  posterior  surface  of  the  clavicle  im- 
mediately internal  to  the  conoid  tuhercle.  Its  nerve  came  from  the 
third  conical  (anterior  primary  division).  There  was  a  well  marked 
cleido-occipital  slip  on  the  same  side,  but  not  on  the  left.  The 
clavicle  was  rather  above  the  average  size,  measuring  15*5  cm. 

The  Levator  davicvXte  muscle  was  first  definitely  described  in  man 
by  Wood  in  Proc.  Roy.  Soc,  1864,  and  was  referred  to  by  him  in 
suheequent  papers  in  the  Proc.  Roy.  Soc,  1865  and  1867.  Its 
morphology  is  discussed  (with  notes  of  earlier  cases)  in  a  paper  by 
Wood  in  the  Phil.  Trans.,  1869  (voL  160).  A  resume  of  this  paper 
is  given  in  the  Remie  d^Anthropologie,  1888,  p.  432. 

As  regards  frequency.  Wood's  cases  give  an  average  of  about  3  per 
cent. ;  Macalister's,  an  average  of  1  in  60. 

The  muscle  has  also  been  seen  coming  from  the  anterior  tubercles 
of  the  vertebra  (Journal  of  Anatomy  and  Physiology,  1880,  p.  512). 

Huxley,  Wood,  and  most  authors  agree  that  the  muscle  is  normally 
present  (with  a  clavicular  insertion)  in  the  chimpanzee,  orang, 
gihhon,  and  gorilla. 

Prof.  E.  Fawcbtt  showed  drawings  of  two  cases  of  Levalor  davi- 
culcB,  as  well  as  a  leg  with  a  Peroneo-calcaneus  intemus,  a  long  acces- 
sorius,  and  an  anterior  tihial  artery  coming  off  at  the  upper  border  of 
the  popliteus  and  passing  in  front  of  that  muscle. 

Mrs  Flbhhino  showed  a  specimen  of  malposition  of  the  Cdon* 
The  specimen  is  from  a  case  of  intestinal  ohstruction  which  occurred 
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in  a  patient  under  the  care  of  Mrs  Boyd,  M.D.,  at  the  "  New  Hospital 
for  Women." 

The  csBcum  and  ascending  colon  are  much  dilated.  The  free  lower 
end  of  the  csecum  was  in  the  pelvis ;  the  ascending  colon  occupied  its 
normal  position  on  the  right  side  of  the  ahdomen,  and  had  a  distinct 
mesocolon.  From  the  hepatic  flexure  the  transverse  colon  passes 
downwards  hehind  the  pyloric  end  of  the  stomach,  and  emerges  at 
its  lower  border,  then  follows  the  greater  curvature ;  but  owing  to  the 
elongation  and  downward  displacement  of  the  stomach  it  has  to 
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ascend  vertically  to  reach  the  splenic  flexure,  which  is  at  its  normal 
situation.  There  are  adhesions  between  the  descending  colon  and 
the  ascending  part  of  the  transverse  colon.  The  stomach,  of  hour- 
glass shape,  is  dragged  downwards.  The  pyloric  wall  and  the  first 
part  of  duodenum  ascend  almost  vertically  behind  the  transverse 
colon  and  mesentery  to  the  gall-bladder,  to  which  this  part  of  the  duo- 
denum is  adherent.  A  very  sharp  turn  then  occurs  as  the  second 
part  of  duodenum  descends  to  the  right  of  the  pancreas,  this  part 
and  the  remainder  of  the  duodenum  having  normal  relations  to  that 
organ. 

The  duodeno-jejunal  flexure  takes  place  in  the  angle  between  the 
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transverse  colon  and  the  lesser  curvature  of  the  stomach :  thus  the 
mesentery  appears  above  the  right  end  of  the  transverse  colon,  and  in 
front  of  the  junction  of  stomach  and  duodenum. 

In  addition  to  the  main  malformation,  a  portion  of  the  mesentery 
and  small  intestine  attached  (last  10  feet)  had,  with  the  caecum  and 
ascending  colon,  made  a  complete  twist  from  left  to  right,  thus  pro- 
ducing intestinal  obstruction  which  caused  death.  The  portion  of 
mesentery  that  was  involved  in  this  twist  is  much  thickened,  and  at 
the  point  at  which  the  colon  was  twisted  it  is  contracted. 

Mr  Chratljb  showed  several  specimens  of  the  so-called  Mastoid 
Antrum,  and  said  that  when  it  is  remembered  that  most  of  the  serious 
intracranial  complications  of  chronic  middle -ear  suppuration,  and 
occasionally  of  the  acute  variety,  have  their  starting-point  from  it  (a 
sort  of  aural  cess-pit,  so  to  speak),  no  apology  was  necessary  for 
bringing  it  under  thorough  discussion ;  and  he  ventured  to  state  that, 
for  its  size,  it  has  been  the  means  of  destroying  more  lives  than  any 
other  cavity  in  the  body.  He  asked  the  meeting,  (1)  Why  it  should 
not  be  described  as  part  of  the  middle  ear,  and  not  part  of  the  mastoid 
region  1  It  is  laid  down  in  foetal  life  as  part  of  the  middle  ear,  lined 
with  the  same  M.M.,  and  is  constant.  Under  the  present  artificial 
division  of  the  petro-mastoid  its  description  has  to  be  made  with  the 
mastoid  portion.  (2)  Why  should  not  this  artificial  division  of  the 
petro-mastoid  be  done  away  with,  or  altered  for  purposes  of  de- 
scription? It  cuts  off  a  part  of  the  middle  ear,  necessitating  its 
description  with  entirely  different  parts.  Again,  if  it  ought  to  be 
described  as  part  of  the  middle  ear,  its  name  is  wrong  and  misleading : 
tympanic,  in  the  place  of  mastoid,  would  be  correct.  The  mastoid 
process  does  not  even  begin  to  make  its  appearance  until  the  end  of 
the  first  year,  below  the  antrum,  when  its  presence  becomes  necessaiy 
for  the  attachment  of  powerful  muscles,  the  mastoid  cells  which  form 
still  later  serving  the  purpose  of  lightening  the  bone ;  the  cells  com- 
municate sometimes  with  the  antrum,  but  certainly  not  invariably, 
the  communication  being,  so  to  speak,  accidentaL  In  the  specimens  at 
birth  the  part  of  the  squamous  portion  which  forms  the  outer  wall  of 
the  cavity  is  invariably  cellular:  these  cells  increase  in  thickness 
somewhat  as  life  goes  on.  They  have  been  described  as  mastoid,  but 
on  careful  examination  the  outline  of  the  original  finer  antral  cells 
can  generally  be  seen,  in  some  more  distinct  than  others,  their  direc- 
tion being  inwards,  while  the  cells  which  form  outside  them  are  coarser 
and  have  no  definite  direction. 

Mr  Cheatle  then  drew  attention  to  a  small  tubercle  which  is  some- 
times present  in  children  behind  and  above  the  external  meatus. 
Perforation  through  this  tubercle  always  leads  into  the  apex  or  lower 
part  of  the  antrum.  Several  of  the  specimens  were  so  perforated,  and 
some  showed  this  tubercle. 

Dr  £.  Barclay  Smith  exhibited  a  foetus  of  about  13  weeks,  pre- 
senting a  peciUiar  condition  of  the  Digite,    Those  of  the  right  upper 
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limb  were  linked  to  those  of  the  left  upper  limb  by  a  short  string- 
like  band;  while  from  the  digits  of  the  left  upper  limb  a  similar 
but  longer  band,  apparently  continuous  with  the  former,  passed  to  the 
digits  of  the  left  lower  limb,  not  directly,  however,  as  between  the 
two  it  appeared  to  be  tightly  tied  round  the  umbilical  cord.  The 
umbilical  cord  at  this  spot  was  involved  by  an  annular  constriction, 
and  the  flow  of  blood  in  the  umbilical  vessels  had  evidently  been 
hindered  by  the  compressing  influence  of  the  surrounding  band, 
which  was  hereby  responsible  for  the  abortion. 


Unfortunately  there  was  no  opportunity  of  studying  the  disposition 
of  the  membranes,  as  the  foetus  was  sent  with  the  cord  severed  and 
the  placenta  and  membranes  removed. 

Undoubtedly  the  band  was  amniotic  in  origin,  but  it  is  difficult  to 
conceive  how  an  amniotic  band  could  have  attained  such  a  remark- 
able disposition  to  the  limbs  and  cord ;  and  further,  what  revolution 
the  foetus  could  have  undergone  relatively  to  the  amniotic  sac,  in 
order  to  account  for  the  production  of  a  spirally  twisted  band, — a 
twisting  which,  for  the  sake  of  clearness,  has  been  exaggerated  in  the 
diagram,  but  which  is  sufficiently  obvious  when  the  band  is  examined 
with  a  lens. 


Dr  T.  W.  P.  Lawrbncb  read  a  paper  on  an  Ul-developed  Kidney 
and  Ureter,  the  latter  passing  behind  the  iliac  vessels.  The  paper 
will  be  printed  in  extenso  in  the  Journal  of  Anatomy,  July,  1897. 
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Dr  T.  H.  Brtcb  read  some  "  Notes  on  the  Myology  of  a  Negro/' 
which  will  be  published  in  the  Journal,  July,  1897. 

Dr  R.  J.  Gl^dbtonb  read  the  notes  of  a  case  of  Additional 
Presacral  Vertebra,  The  paper  will  be  printed  in  the  Journal,  July, 
1897. 

Dr  G.  F.  Barnardo  read  the  notes  of  a  Ca*e  of  pure  Ectopia 
cordis.  This  also  will  be  published  in  the  Jotimal  of  Anatomy,  July, 
1897. 


ANATOMICAL  SOCIETY  OF  GREAT  BRITAIN 

AND  IRELAND. 


JUNE  1897. 


The  Summer  Meeting  of  the  Anatomical  Society  was  held  in  Dublin 
on  the  9th,  10th,  and  11th  days  of  June.  The  use  of  the  Anatomy 
School  in  Trinity  College  was  granted  to  the  Society  for  this  purpose. 


PROGRAMMK 


WEDNESDAY. 
Reception  at  9  o'clock  in  the  evening,  at  43  Fitzwilliam  Place. 

THURSDAY,  10th  JUNE,  FORENOON  MEETING,  10  a.m. 

Election  of  New  Members. 

Spbgimbnb. 

Thomas  H.  Brygb,  M.A.,  M.D. : 

A  pair  of  negro  Femora,  the  left  of  which  showed  a  remarkable 
development  of  the  popliteal  surface. 

Professor  W.  Spaltbholtz  (Leipzig) : 

Stereoscopical  photographs  illustrating  the  distribution  of  the 
Arteries  in  the  Human  Skin. 

Professor  H.  Lbbougq  (Ghent) : 

The  ossification  of  the  Terminal  Phalanges  of  the  Fingers  in 
relation  with  hyperphalangy. 
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Spbcimbns — continued. 

Mr  Harold  J.  Stilbs  : 

X-Ray  photographs  of  mercurial  injections  of  the  Arteries  of 
the  Limbs  and  Kidneys,  and  of  the  Air-tubes  in  a  case  of 
pneumonia. 

Professor  A.  Birmingham  : 

Models  and  specimens  illustrating  the  topographical  anatomy 
of  certain  of  the  Abdominal  Viscera. 

Papers. 

Dr  Otis  (Boston,  U.S.A.) : 

Some  points  in  the  structure  of  the  Rectum. 

Professor  A.  Magalistbr,  F.R.S.  : 
A  study  of  Australian  Brains. 

James  Cantlib,  M.A.,  M.B. : 

On  the  position  of  the  Gall-bladder. 

Professor  R.  Howden,  M.B. : 

Note  on  a  case  of  marked  distension  of  the  Colon. 

Professor  Rbdfern,  M.D.  : 

Observations  on  the  development  and  nutrition  of  Bone  and 
Cartilage,  and  on  the  relations  of  connective  tissues  to  each 
other  in  health  and  disease. 

Professor  B.  C.  Windlb  and  F.  G.  Parsons,  F.R.C.S. : 

Note  on  some  points  in  the  Nomenclature  of  Comparative 
Myology.  See  p.  522  of  the  July  number  of  the  Journal  of 
Anatomy  and  Physiology. 

THURSDAY,  10th  JUNE,  AFTERNOON  MEETING,  2.30  p.m. 

Papers  and  Lantern  Demonstrations. 
Professor  W.  Anderson  : 

The  peritoneal  relations  of  the  Sigmoid  Flexure  of  the  Colon. 

Professor  Dissb  (Marburg) : 

The  development  of  the  Olfactory  Nerve  in  Birds. 

Professor  W.  Spaltbholtz  (Leipzig) : 

Reticulated  Tissue :  its  relation  to  the  cells,  and  its  arrange- 
ment in  different  organs. 

Professor  A.  F.  Dixon,  M.B. : 

Some  points  in  the  development  of  the  Eye-muscle  Nerves  in 
mammals. 
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Papers  and  Lantbrn  Dbmonstrations — coTiiinued. 
Professor  D.  J.  Cunningham,  F.R.S.  : 

(1)  The  development  of  the  Fissure  of  Rolando,  and  the  rela- 

tion which  this  presents  to  the  growth  of  the  functional 
areas  of  the  Cortex ;  and 

(2)  The  development  of  the  Calcarine  Fissure  (lantern  demon- 

stration).    See  p.  586  of  the  July  number  of  the 
Journal  of  Anatomy  and  Physiology, 

Dr  Kabstnbr  (Leipzig) : 

Some    specimens    and    photographs    of    Malformed     Chick 
Embryos. 

THURSDAY  EVENING. 

Dinner  given  by  the  President  of  the  Royal  Academy  of  Medicine 
in  Ireland,  in  the  College  of  Physicians,  Kildare  Street,  at  7.45  p.m. 

FRIDAY,  llTH  JUNE,  FORENOON  MEETING,  11  a.m. 

Spbgimbns. 

Professor  Karl  v.  Bardblebbn  (Jena)  and  Dr  Frohsb  (BerUn) : 

Specimens  illustrating  the  finer  ramifications  of  Nerve-filaments 
supplying  Muscle. 

C.  J.  Pattbn,  M.B.  : 

(1)  Two  curious  modifications  of  the  Lower  Jaw. 

(2)  Cervical  Vertebra  in  which  the  LaminsB  have  not  fused. 

Professor  D.  J.  Cunningham,  F.R.S. : 

Models  and  specimens  illustrating  the  form,   position,  and 
relations  of  the  Kidneys. 

Papers  and  Lantbrn  Dbmonstrationh. 

Professor  Waldbybr  (Berlin) : 

The  topographical  anatomy  of  the  outer  wall  of  the  Pelvis 
with  reference  to  the  position  of  the  Ovary. 

G.  Elliot  Smith,  M.D.,  CM. : 

Observations  on  the  morphology  of  the  Fornix  and  margin  of 
the  Cerebral  Cortex. 

Dr  C.  DE  Bruynb  (Ghent)  : 

Adaptation  fonctionelle  de  la  phagocytose. 
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Papers  and  Lantern  Demonstrations — continued. 

Professor  B.  C.  Windle,  M.D.,  ScD. : 

Priestley  Smith's  Fennel  Method  ef  mounting  specimens  of 
the  Eye  (taken  as  read). 

Professer  R.  Howdbn,  M.B.  : 

Note  en  a  case  ef  Bifid  Scretum  (taken  as  read). 

W.  Booth  Pbarsall,  F.R.C.S.I.  : 

On  the  linear  determinatien  ef  the  human  Toethferm  (taken 
as  read). 

William  S.  Haughton,  M.B.  : 

Seme  application  ef  X-Ray  photography  to  anatomical  inves- 
tigatioD  (taken  as  read). 

Professor  D.  J.  Cunningham,  F.R.S. : 

Note  on  the  Cape  Hunting  Dogs  (Lycaou  inctus)  in  the  Gardens 
of  the  Royal  Zoological  Society  of  Ireland  (taken  as  read). 

Professor  D.  J.  Cunningham,  F.R.S.  : 

Lantern  Demonstration  of  the  deep  connections  ef  certain  of 
the  Cranial  Nerves  (fourth,  sixth,  and  seventh)  in  the 
Orang  and  the  Chimpanzee  (taken  as  read). 

E.  n.  Taylor,  M.D.,  F.R.C.S.: 

Demonstration  ef  the  AppUed  Anatomy  of  the  Rectum  (taken 
as  given). 

FRIDAY  AFTERNOON,  4  p.m. 

Address  by  Professer  Wilhblm  His  en  the  "  Development  ef  the 
Brain,  and  the  Nerves  in  connection  with  it." 

This  lecture  was  delivered  in  the  Theatre  ef  the  Royal  Dublin 
Society,  Kildare  Street,  under  the  auspices  of  the  Royal  Academy  of 

Medicine. 

* 

On  Friday  evening  the  Members  of  the  Society  dined  with  the 
Senior  Fellows  ef  Trinity  College  in  their  HaU. 
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Alloy  of  Cadmium,   Bismuth,   Lead, 

and  Tin  as  Fusible  Injection,  xxv. 

557. 
Alopecia  Areata,  xxv.  305. 
Alte  und  neue  Probleme  der  Entwicke- 

lungsgeschichtlichen  Forschung  auf 

dem    Gebiete    des    Nervensystems 

(Strasser)  (Notice),  xxviii.  380. 
Alteration  in  Shape  of  Kidneys,  xxviii. 

195. 
in   Size   of  Kidneys,   xxviii. 

195. 
Alveoli    in    Skulls   of   Beluga,    xxx. 

136. 
Amazia,  xxv.  304-315. 
Amblyceps,  xxix.  402. 
Amblyopsis,  xxix.  127  (note). 

spelaeus,  xxix.  401. 

American  Magpie,  xxii.  341. 


Amia,  Brain  of,  xxviii  382 ;  Osteology, 

etc.  of,  xxix.  113  et  seq. 
Anuurus  eatus,  xxix.  211  (note)  ;  xxix. 
539  ;  Cranial  Nerves  of^  xxix.  35S. 

eatida-furcattiSy  xxix.  211  (note). 

AmmoccUes,  Liver  of,  xxv.  194. 
Ammodytee,  xxiii  477  (note). 
Ammonium   Chloride,    Effect    of,   on 

Keflex  Excitability  of  Spinal  Cord, 

xxvi  389. 
Ammonafhrche  of  Mihalkovics,  xxiv. 

310. 
Amnion,  Defective  Formation  of,  xxix. 

464. 

Defects  due  to,  xxv.  440. 

Forces  which  Produce,  xxiv.  16. 

of  Double  Chick,  xxv.  316. 

in  Chick  (Shore  and  Pickering), 

xxiv.  1-21. 

of  Dugong,  xxiii  640. 

Sao,  Closure  of,  xxiv.  12. 


Amniotay  xxiv.  1 ;  xxvii.  554  ;  Bladder 
of,  xxiv.  408  (note) ;  Development 
of,  xxv.  178  ;  Genital  Organs  of,  xxi. 
189;  Hexadactylism  and  Phalangeal, 
Variation  in  (Howes  and  Hill), 
xxvi  395-403;  Kidney  o^  xxiv. 
414 ;  Vagus  in,  xxii  877  et  seq.; 
xxiii  428. 

Amniotic  Adhesions,  xxix.  465. 

Band,  xxv.  440. 

Amorphus  Foetus,  xxix.  466. 

Amphiarthrosis,  xxiii  521 ;  xxx.  54. 

Amphibia,  xxvi  402 ;  Aortic  Arches 
of,  xxi  367 ;  Brain  of,  xxx.  185 ; 
Carpus  and  Tarsus  of,  xxi.  367 ; 
Development  of,  xxi  871 ;  Digital 
Joints  in,  xxviii.  344 ;  Genital 
Organs  of,  xxi  189 ;  Larynx  of, 
xxiii.  270 ;  Liver  of,  xxv.  186 ; 
Multiple  Forms  in,  xxvii.  416 ; 
Olfiictory  Organ  in,  xxviii  887 ; 
Organ  of  Jacobson  in,  xxx.  70  ;  Pelvic 
Limb-girdle  of,  xxi.  366  ;  Peritoneum 
of,  XXX.  355  ;  Pubic  Cartilage  of, 
xxvii.  552  ;  Shoulder-girdle  of,  xxi. 
193,  195  ;  Skull  of,  xxi  364  ;  Tailed, 
XXIV.  p.  xvii ;  Temperature  of,  xxv. 
377 ;  Thyroid  in,  xxvii  161 ; 
Urinary  Bladder  of,  xxiv.  1 ;  Vagus 
in,  xxii.  388  ;  Ventricular  Cavity  in, 
XXIX.  p.  xvii. 
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AmphiaxiiSf  Double  Embryos  in,  xxrii. 

416  ;  Hepatic  Diyerticulum  of,  xxv. 

169  et  seq,;   Nervous    System  of, 

xxiii.  480 ;  Vagos  in,  zzii.  384  et 

8eq. 
laneedatus^  Innervation  in,  xzi. 

631. 
AmphipnouSf  Accessory  Qill*cayity  of, 

zxiz.  138. 

tfucAto,  xxix.  627. 

Ampullarict,  xxix.  404. 


Amputations,  Intra-uterine,  xxv.  440. 

Amyl  Nitrite,  Action  of,  xxii.  359. 

Anabas  aeandens,  xxix.  527. 

Anadidymus,xxviiL  S72-j  of  Amphibia, 

.  xxrii.  416  ;  of  Birds,  xxvii.  416 ;  of 
Ccluber  ncUrix,  xxviL  416  ;  of  Oal- 
lu8  damesUeus,  xxvii.  416  ;  of  Lixcerta 
viridis,  xxvii.  416 ;  of  Passer 
domesMcus,  xxvii.  416  ;  of  Stumus 
vulgaris,  xxvii.  416. 

Anamia,  with  High  Temperature,  xxv. 
483 ;  Malarial,  xxv.  487  el  seq.  ; 
Miscellaneous,  xxv.  479  ;  Pernicious, 
xxv.  868,  486  et  seq.  ;  Secondary, 
xxv.  477,  486 ;  Spontaneous,  xxv. 
489 ;  Traumatic,  xxv.  486 ;  Post- 
hemorrhagic,  xxv.  365. 

Anesthetic  Substances,  Effect  of,  on 
Development  of  Eggs,  xxix.  464. 

Anakatidymus  of  Saiarrumira,  xxvii. 
416. 

Anal  Glands  and  Pouch  of  Jlycena, 
xxiiL  104. 

Analysis  of  Voluntary  Muscular  Move- 
ments by  New  Instruments  (Jack), 
xxix.  473-478. 

Anatomical  Characters  of  Symelian 
Monsters,  Summary  of,  xxx.  180. 

Facts  brought  out  by  Golgi*s 

Method  (W.  A.  Turner),  xxv.  580, 581. 

Nomenclature        (Macalister), 


XXVIII.  p.  XVI. 

Notes  (Fawcett),  xxviii.  464. 

Notices,  xxi.  153-166, 331-336, 


672. 


Reports  of  Committee  of  CoUec- 

tive  Investigation  (Thomson),  xiv. 
89-101 ;  xxvi.  76-93 ;   xxvii.   183- 
194  ;  xxviii.  63-76 ;  xxix.  35-60. 
Society  of  Great  Britain  and 


Ireland,  xxi.  681,682;  Proceedings  of, 


xxv.  pp.  i-xx ;  XXVI.  pp.  i-xxiv ; 
XXVII.  pp.  i-xxxix ;  xxviii.  pp.  i-xx ; 
XXIX.  pp.  i-xxxii ;  xxx.  pp.  i-xxii. 

Anatomical  Specimens  (Collins)  (Title 
only),  xxi.  682. 

Anatomie  des  Centres  Nerveux  (De- 
jerine  and  Dejerine-Elumpko) 
(Notice),  xxix.  333,  884. 

of  the  Bodie  of  Man  (Vicary 

and  Fumivall)  (Notice),  xxiii.  164. 

Anatomy  Act,  Amendment  of 
(Macalister),  xxiii.  p.  xix. 

of  Advanced   Pregnancy    in 

Maeaeus  rhesus,  Studied  by  Frozen 
Sections,  by  Casts,  and  Microscopi- 
cally (Hart  and  Gulland),  xxvii. 
361-376;  of  an  Anencephalous  Foetus 
having  three  Arms  and  three  Lower 
Limbs  (Parsons),  xxx.  238-258  ;  of 
Ankle-joint  (Cleland),  xxvii.  p.  viii ; 
of  Anthropoid  Apes  (Beddard) 
(Notice),  xxx.  312,  313  ;  of  Beluga 
(Struthers),  xxx.  124-156 ;  of  the 
Central  Nervous  Organs  in  Health 
and  Disease  (Obersteiner  and  Hill) 
(Notice),  xxiv.  611 ;  of  Delphinapterus 
leueas  (Struthers),  xxx.  124-156  ;  of 
Elbow- joint,  xxx.  p.  viii ;  of  Four- 
chette  (Blacker),  xxx.  283-288,  p.  ii ; 
of  Hyama  striata  (Young  and  Robin- 
son), xxiii.  90-105,  187-200;  of 
Hymen  and  of  Posterior  Commis- 
sure of  Vulva  (Cullingworth),  xxvii. 
343-847 ;  of  Megaptera  longimana 
(Struthers),  xxiL  109-125,  240-282, 
441-460,  629-654 ;  xxiii.  124,  163, 
808-335,  858-873  ;  Minute,  of  Cen- 
tral Nervous  System,  according  to 
Golgi*s  Method  ( W.  A.  Turner),  xxvi. 
271-275  ;  of  Spinal  Cord  and  Cere- 
bellum, Demonstrated  by  Golgi's 
Method  (KoUiker),  xxv.  443-460; 
Morbid,  of  Bones  in  Chronic  Glanders 
in  Human  Subject  (Sharp),  xxix. 
492,  493  ;  of  Muscles  and  Nerves  of 
Superior  and  Inferior  Extremities  of 
Anthropoid  Apes  (Hepburn),  xxvi. 
149-186,  324-856  ;  of  Nasal  Cavity 
and  its  Accessory  Sinuses,  an  Atlas 
for  Practitioners  and  Students 
(Onodi)  (Notice),  xxix.  471 ;  of 
Nervous  System,  xxviii.  381 ;  of  the 
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Papilla  Foliata  of  the  Human  Infant 
(Tuckerman),  xxii.  499-501  ;  of  Pes 
Hippocampi  (Sala),  xxv.  578-580  ;  of 
the  Prostate  (Griffiths),  xxiiL  874- 
886  ;  of  Rabbit's  Brain,  xxx,  16  ;  of 
Rodent  Brain,  xxx.  16  ;  Sectional,  of 
Anencephalic  Fcetus  ( Ballantyne), 
xxvi.  516-529  ;  of  Silur&idcs,  xxbc. 
109  et  seq.  ;  of  Sirenomelic  Foetus, 
xxviii.  370  ;  of  Sirenomelian  Monster 
(Manners-Smith),  xxx.  507-512 ;  of 
Sub-occipital  Region  (Griinbaum), 
xxv.  428-482,  p.  xi ;  of  Suprarenal 
Bodies  (Rolleston),  xxvi.  548-558, 
p.  xxi;  of  Surface  of  Carnivorous 
Brain,  xxx.  3 ;  of  Thyroid  Body 
(Berry)  (Title  only),  xxL  682  ;  Topo- 
graphical, of  Abdomen  (Brooks), 
XXIV.  p.  vii ;  of  Transversalis  Muscle 
and  its  Relation  to  Inguinal  Hernia 
(Douglas),  xxiv.  220-226;  of  the 
Vagus  Nerve  in  Selachians  (Shore), 
zxiii.  428-451 ;  and  Development  of 
Palate  and  Epiglottis  (Bowles),  xxiii. 
p.  xix ;  and  Physiology  of  Insecti- 
vorous Brain,  xxx.  14  ;  of  the  Shoe- 
maker (Lane),  xxii.  593-628. 

Anchovy,  xxvi.  26  et  seq, 

Ancylodon  jaculidens,  Air-bladder  in, 
xxix.  223. 

parvipinnUy    Air-bladder     in, 

xxix.  223. 

Andaman  Islanders,  Lumbar  Sagitto- 
vertical  Index  of,  xxiv.  125. 

Anderson,  W.,  Clavicle  with  Articular 
Process  in  Region  of  Conoid  Tubercle, 
XXY.  p.  v;  Course  and  Relations 
of  Deep  Branch  of  Ulnar  Nerve, 
XXVIII.  p.  X ;  Experiments  in  Cranio- 
cerebral Topography,  xxiii.  455-465, 
p.  xiii ;  the  Planes  of  Sub- peritoneal 
and  Sub-pleural  Connective  Tissue, 
with  their  Extensions,  xxv.  78-86 ; 
Plea  for  Uniformity  of  Delimitation 
of  Regions  of  Abdomen,  xxvL  543- 
547,  p.  xxi ;  Sub-peritoneal  and  Sub- 
pleural  Connective  Tissue,  xxiv. 
p.  xix. 

Androgyny,  xxvi.  436. 

Anencephalic  Foetus,  Sectional  Ana- 
tomy of  (Ballantyne),  xxvi.  516-529; 
xxiii.  804,  305 ;  xxvii.  420  et  seq,  ; 


xxviii.  28  ;  Central  Nervous  System 
of  (Bulloch),  xxix.  276-281 ;  Mus- 
cuius  iStemalis  in,  xxiL  393  et  seq.  ; 
Myology  of  (Windle),  xxvu.  348-353 ; 
Nervous  System  0^  xxviii.  371 ;  with 
Three  Arms  and  Three  Lower  Limbs 
(Parsons),  xxx.  238-268. 

Anencephalus,  xxvii.  451 ;  xxx.  460 ; 
Spinal  Cord  in,  xxv.  438. 

Anencephaly,  xxix.  465. 

Angle  of  Neck  of  Femur  with  Shaft 
(Humphry),  xxiiL  273-282,  387-389. 

Angiiilla  aiiguUla,  Swim-bladder  of, 
XXX.  551. 

Anguis,  Genital  Organs  of,  xxL  187  ; 
Temperature  of,  xxv.  377. 

Animals,  Action  of  Glycerine  Extracts 
of  Bacteria  on,  xxvL  427. 

Ankle,  Flexion  and  Extension  of 
(Humphry),  xxviii.  p.  xv ;  Joint  in 
case  of  Congenitally  Absent  Tibia, 
xxiiL  602 ;  Changes  in,  caused  by 
Posture,  xxviii  13 ;  Comparative 
Anatomy  of  (Cleland),  xxvii.  p.  viii  ; 
Ligaments  of,  xxviiL  151  et  seq.  ; 
Movements  of  (Lane),  xxii.  408-422. 

Annelida,  Nervous  System  in,  xxiii. 
428  ;  Structure  and  Development  of 
Ovum   in   (Beddard),    xxiL   9-14 ; 
Visceral  Nerves  of,  xxii.  388. 

Annual  of  Universal  Medical  Sciences 
(Sajous)  (Notice),  xxv.  294 ;  xxvii. 
564 ;  xxx.  315. 

Annular  Ligament,  Inferior,  of  Ankle, 
xxviii.  151 ;  Superior,  xxviii.  162 ; 
of  Wrist,  xxviiL  160,  161. 

Ano-coocygeal  Body,  xxiii.  107. 

Anodon  cygncea,  Liver  of,  xxv.  172; 
Tumour  in  (Collinge),  xxv.  154 ; 
(Williams),  xxiv.  307,  308. 

Anodonta,  xxv.  172. 

Anomalies  of  Atlas,  xxvii  626 ; 
of  the  Breasts,  xxvi  437 ;  of 
Development  (Giacomini),  xxx.  451 ; 
in  Lobulation  of  Liver  (Rolleston), 
XXVII.  pp.  xxxi-xxxiv  ;  of  Muscles, 
XXVII.  p.  xxiv  ;  of  Nerve  and  Muscle 
and  their  Significance  (Smith), 
xxix.  84-98;  of  Processus  Vagin- 
alis, xxviii  291-302;  in  Skeleton 
of  Negro  (Paterson),  xxvii.  p.  xxii ; 
Vascular  (Shepherd),  xxiv.  69-71. 
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Anomalons,  6th  and  7th  Cervical  Yerte- 
bne  (Griinbaum),  zxv.  p.  x ;  Human 
Ovum,  xzYuL  370 ;  Kidneys,  zzvL 
437 ;  Muscle  of  Thorax  connected 
with  Diaphragm  (Shepherd),  xxx. 
168. 

Anomaly  of  Brachial  Plexus,  xxix.  84  ; 
of  Heart  (Birmingham),  xxvii.  p.  ix ; 
of  Heart  and  Great  Vessels  (Birming- 
ham), xxvii.  139-150. 

Anomodantiay  xxvii.  555. 

Anophthalmia  and  Atrophy  of  Optic 
Bulb,  xxviii.  374. 

Anophthalmic  Guinea  -  pigs,  xxvii. 
419. 

Antagonism  of  Atropin  Sulphate  and 
Muscarin  Nitrate,  xxiv.  208  ;  and 
Pilocarpine  Hydrochlorate,xxiv.  209; 
Veratrine  Sulphate  and  Strychnine 
Sulphate,  xxiv.  209. 

Ant-eater,  xxiii.  590. 

Great,  Larynx  of,  xxiii.  258. 

Antelope,  Ovary  of,  xxi.  170,  174. 

Antelopes,  Anatomy  of,  xxx.  523. 

Anterior  Arch  on  Atlas,  xxvii.  526  ; 
Commissure  of  Marsupial  and  Mono- 
treme  Brains,  xxvii.  76 ;  Condyloid 
Foramen,  xxii.  81. 

Anthropoid  Apes,  xxiv.  121 ;  Acromion 
in,  xxvii.  247  ;  Anatomy  of  (Bed- 
dard)  (Notice),  xxx,  812,  313  ;  Com- 
parative Anatomy  of  Muscles  and 
Nerves  of  Superior  and  Inferior 
Extremities  of  (Hepburn),  xxvi. 
324-356  ;  Comparative  Anatomy  of 
Superior  and  Inferior  Extremities  of 
(Hepburn),  xxvi.  149-186 ;  Integu- 
mentary Grooves  on  Hand  and  Foot 
of  (Hepburn),  xxvii.  112-130  ;  Short 
Muscles  of  PoUex  and  Hallux  of 
(Brooks),  XXII.  p.  ii ;  Short  Muscles 
of  PoUex  and  Hallux  of  (Brooks), 
xxii.  78-95. 

Anthropoids,  Bones  of  Knee  of,  xxvii. 
p.  xxix. 

Anthropological  Memoirs  (Notice), 
xxix.  141-144. 

Anthropology  of  the  Todas  and  Kotas 
of  the  Nilgiri  Hills  and  of  the  Brah- 
mans,  Eammdlans,  Pallis,and  Pariahs 
of  Madras  City  (Thurston)  (Notice), 
.  584. 


A7Uhropomorp?ia,  Ligaments  of,  xxviii. 
149. 

Anthropopithecus  aivalensis,  xxix.  430. 

troglodytesy  Skull  of,  xxix.  434. 

ArUhuSf  xxii.  317. 

Antipole,  xxiv.  275. 

Antler,  Growing  Sections  of  (Sutton), 
XXVI,  pp.  xvii-xviii. 

Antlers  of  Boe-deer  (Turner),  xxvii. 
p.  ii. 

Antrum  of  Highmore,  Aperture  of, 
xxviii.  75. 

Anura,  Foot  of,  xxvi.  402 ;  Osteology 
of,  XXIV.  p.  xvi ;  Shoulder-girdle  of, 
xxi.  193,  195. 

Anus  of  Foetal  Dugong,  xxviii.  318  et 
aeq, ;  of  Grey  Seal,  xxx.  415  ;  Imper- 
foratus, xxvi.  437  ;  Innervation  of, 
xxviiL  185;  ofMegapUra,  xxii.  117. 

and      Rectum      (Symington), 

xxiii.  106,  115. 

Vesicalis,  xxix.  565. 

Vulvalis,  XXX.  461. 

Aorta.     See  Arteries. 

Apaches,  Skull  in  (Shufeldt),  xxi.  325- 
535. 

Apes,  Brain  in,  xxv.  7  et  seq, ;  Convolu- 
tions of,  Comparison  of  those  of  Seals 
with  (Turner),  xxii.  554-581 ;  Deter- 
mination of  Placental  Site  in,  xxvii. 
373  ;  Influence  of  Posture  on  Tibia 
and  Astragalus  of  (Thomson),  xxiii. 
616-639  ;  xxiv.  210  ;  Lumbar  Curve 
in,  xxiv.  42 ;  Mammae  of,  xxv.  227  ; 
Menstruation  in,  xxvii.  372 ;  01- 
fiictory  Organs  of,  xxv.  106 ;  Ribs 
of,  xxiv.  129 ;  Skulls  of,  xxv.  469  ; 
Upper  Limb,  Arteries  of,  xxvii.  382  ; 
Vertebral  Column  in  (Cunningham), 
xxiv.  117-126. 

and    Man,    Transitional    Forms 

between  (Turner),  xxix.  424-445. 

Aphasia,  or  Loss  of  Speech,  and  the 
Localisation  of  the  Faculty  of 
Articulate  Language  (Bateman) 
(Notice),  xxiv.  614 ;  and  Deafness, 
Brain  from  a  case  of  (Windle),  xxi. 
79-83. 

Aj^uhconuif  xxii.  309-324. 

eali/omuia,  xxiL    343  ;   wood- 

h&usei,  xxii.  343  et  seq, 

Aphriza  virgcUa,  Osteology  of,  xxv.  523. 
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Aphrodita^  Caeca  of,  xxv.  176. 

Aplasia  of  Ribs,  zziz.  465. 

Aplysia,  Liver  of,  xiv.  172. 

Apochromatic    Micro^>bjectiye8, 
616-524. 

Aponeuroses,  Interpelvic  and  Inter- 
femoral,  odfegajOera,  zzii.  277. 

Apparatus  for  Determining  Angle  of 
Torsion  of  Humerus  (Matthews),  zxi. 
686-538. 

for  Mounting  Specimens  (Bruce 

Clark)  (Title  only),  zxL  682. 

New  Becording,   for  Practical 


Physiology    Classes   (Caton),    zzii. 

103-106. 
Appendicular  Skeleton  of  Gull,  Oyster- 
catcher,  and  Sheathbill,  zzy.  620 ; 

of  Puffins,  zxiv.  104. 
Appendiz  of  Testicle  or  Hydatid  of 

Morgagni,  zzyiii.  107. 
Approzimation  of  Lumbar  Articular 

Processes    downwards    in    Gorilla, 

zxvii.  137. 
AptenodtfUs  pennarUii^  Patella  of,  zziii. 

31. 
Apteryges,  zziz.  34. 
Apteryz,  Foot  of,  zziii.  343. 
AptoraiSy  Trochanter  Minor  in,  zziii. 

80. 
AptomUhida,  zziz.  26. 
Aquatic  Animals,  Temperature  of,  zzv. 

885. 
Arachmdaf  Organs  of,  zzr.  178. 
AraffUdcSf  zziz.  23  et  seq. 
Aramus,  zziz.  26  et  aeq,  ;   giganUus^ 

Osteology  of,  zziz.   21  et  seq.,  81 ; 

aeolopacetta,  Osteology  of,  zziz.  29. 
Aranema,  Hepatic  Cells  o^  zzv.  167. 
Arapaitna,  zziz.  128. 
Arehceopteryx,  zzvi  396  ;    Characters 

of,  zzyii.  840. 
Arctic  Tern,  Osteology  of,  zzvii.  339  ; 

Water-birds,  Osteology  of  (Shufeldt), 

zziii.  1-89,  166-186,  400-427,  687- 

668;   zziv.  89-116,  169-187,   648- 
666  ;  zzv.  60-77,  609-526. 
Aretietis    Hnturong,    Skull    of,    zzz. 

388. 
Arctoeephaltu  atutraliSf  Bones  of,  Foot 
of,  zziii.  246 ;  einereua.  Sacrum  of, 
zzvii.  649 ;  gaeella,  Psoas  in,  zziii. 
605. 


Arctomysmonax,  Taste  Organs  of,  zzr. 

605. 
Arcua  Marginalia,  zziv.  310. 
ArdecB,  zziz.  22  et  seq. 
Ardeidce,  xxix.  22  et  seq. 
Area  Desert  of  Broca,  zzv.  110. 
Area  Y asculosa,  Results  of  Disturbance 
of   Development    of,     zzviL     448; 
Vessels  of,  zziv.  13. 
Arenariaf  Osteology  of^  zzv.  628. 
Arion  eircumscriptuSt  with  Abnormal 
Beceptaculum  Seminis,  zzviL  238; 
empiricorum,    zzviL    288 ;     inter- 
medius,     with    Absence     of    Male 
Reproductive   Organs,  zxvii    238; 
sub/uscus,  zzvii  288. 
Arius    eoBlatus,     zziz.    211     (note)^ 
emphyaetus,   zziz.    519 ;     milberiUr 
zziz.  211  (note). 
Arm,    Obliquity   of,    in    Female,    in 

Eztension  (Potter),  zziz.  488-491. 
Armadillo,  Hard  Palate  of,  zzz.  426 ; 
Middle  Sacral  Artery  in,  zzz.  600  ; 
Sacral  Rib  in,   zzvii   545  ;    Mole, 
zziii.      589;      Siz-banded,      zziii 
589. 
Arrangement      of      Peritoneum      in 
Animals     (Robinson  X     zzz.    349- 
361. 
Arrest  of  Growth  <^  Testes,  Effect  of,. 

on  Prostate,  zziv.  36. 
Arrow-poison  from  New  Granada  and 
its  Botanical  Source  (Tillie),  zzvii 
402-407. 
Arterial  Abnormalities,  zzz.  580 ;  in 
Rabbit,   zzviii    403 ;    Foramen   of 
Atlas,  zzvii  636;  Supply,  Abnor- 
mal, of  Misplaced  Kidney  (Brodie), 
XXVII.  p.  zzrv. 
Arteries,    Cerebral,    Endothelium    of 
(Jones),  zzi.  672,  673  ;  Forming  the 
Circle  of  Willis  (Windle),  zzu.  289- 
293  ;  Motion  of  Blood  in  (Hoorweg), 
zziv.  434-471,  592  ;    Great,  of  Del- 
pkinapterus,  zzz.  184  ;    of  Base  of 
Brain,  xxix.  p.  zziii ;  of  Heart,  Rare 
Abnormality  of  (Arbuthnot  Lane), 
zzi.  97-100 ;  of  Horse-shoe  Kidney, 
xxvii.  p.  vi ;  of  Kidney  and  Supra- 
renal Body,  Abnormal  Arrangement 
of   (Hughes),    zzvi    805-807;     of 
Limbs,  Morphology  of,  in  Yertebntes 
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(Eichholz).  zzrii.  377-401 ;  of  Limbs, 
Morphology  of  (Eichholz),  xxvii. 
p.  xzxiv ;  of  Upper  limb,  Variation 
in,  zzviL  892 ;  and  Veins,  Ab- 
normal Distribution  of,  in  Neck 
(Hears),  xdL  804-307. 

Arteries,  Acromial  Thoracic  of  AteUs 
araehnoidea,  xxyu.  387  ;  of  Hapale 
penicUUUa,  xxvii.  388  ;  of  NtctipUhe- 
cus  voci/eranSf  xxvii.  885 ;  Anterior 
Commnnicating,  xxii.  289 ;  Aorta, 
Abnormal,  xxviL  140  ;  Arrangement 
of  Branches  arising  fix)m  Arch  of, 
xxvii.  183,  189 ;  Constricted  (Cun- 
ningham), XXII.  p.  xviii ;  Double 
Arch  (Cunningham),  xxii.  p.  xviii  ; 
Right-sided,  xxi.  97 ;  Right,  with  Per- 
sistent Left  Aortic  Root  giving  Origin 
to  Left  Subclavian  (Herringham), 
XXV.  p.  vi ;  Transposition  of,  xxvii. 
464-473 ;  xxix.  pp.  xiv-xviii ;  of 
Anencephalous  Foetus,  xxx.  254  ;  of 
Grey  Seal,  xxx.  498;  of  Symelian 
Monster,  xxv.  207 ;  Abdominal,  Axial 
Rotation  of,  with  Associated  Abnor- 
malities of  Branches  (Tyrie),  xxviii. 
281-287;  Level  of  Bifurcation  of, 
xxix.  58 ;  Varieties  of  Branches  of 
(Struthers),  xxyii.  p.  iv ;  Aortic 
Arch,  Abnormality  of  (Brodie), 
xxiii.  p.  vii ;  Left,  with  Abnormal 
Branches,  xxyl  p.  xv ;  Right  (Lock- 
wood  and  Withers),  xxiv.  p.  iv; 
Right,  xxYi.  p.  xiii ;  of  Amphibia, 
xxL  367  ;  of  Mammalia,  xxi.  367  ;  of 
Meptilia,  xxi.  367  ;  Constriction  and 
Competency,  and  Mitral  Constriction 

!  and  Incompetency,  xxiii.  46,  66 ; 
Constriction  and  Incompetency, 
xxiii.  44 ;  Dilatation  and  Incom- 
petency, xxiii.  44 ;  Disease,  Effect  of, 
on  Ventricular  Walls  and  Cavities, 
xxiii.  56 ;  Incompetency,  xxiii.  44  ; 
with  a  Dilated  Orifice,  Mitral 
Normal,  xxiii.  54 ;  without  Con- 
striction or  Dilatation  of  the  Orifice, 
the  Mitral  being  Normal,  xxiii.  49  ; 
Regurgitation  with  a  CoDstricted 
Orifice,  Mitral  Normal,  xxiii.  55 ; 
Natural  Size  but  Incompetent,  Mitral 
Constricted  and  Incompetent,  xxiii. 
47,  65 ;  Stenosis,  Congenital,  xxiv. 


428  et  seq. ;  and  Mitral,  both  Con- 
stricted and  Incompetent,  xxiii.  47, 
62 ;  Axillary,  Abnormal,  xxx.  580 ; 
Anastomosis,  xxvii.  395  ;  Branches 
of,  xxviL  391 ;  of  AUles  araehfundes, 
xxviL  387 ;  of  Testudo  europcea, 
xxvii.  380;  Brachial,  High  Divi- 
sions of,  xxvii.  394  ;  Brachialis  Pro- 
funda of  C^f^tMA^po^hecof,  xxvii.  385  ; 
of  HapaU  penieUlata,  xxvii.  388  ;  of 
Nietipithecua  voei/erans,  xxviL  884  ; 
Brachialis  Superficialis  of  Cebtu 
hypoleueos,  xxviL  885 ;  of  HapaU 
penicillata,  xxvii.  383 ;  of  Nietipi- 
thecua  voci/erans,  xxviL  385 ; 
Brachio-cephalic  and  Left  Common 
Carotid,  Origin  of,  by  Common 
Trunk,  xxviL  183,  189;  Right 
Bronchial,  from  Aortic  Arch,  xxx. 
580  ;  Carotid  and  Subclavian,  Origin 
of,  from  Aorta  (Keith),  xxix. 
453-458;  Internal  Carotid,  Left, 
Absence  of  (Flemming),  xxix.  pp. 
xxiii-xxiv  ;  Carotids  ending  at  Base 
of  Skull,  xxvii.  451  ;  Small,  xxviL 
451 ;  Cerebral  in  Microcephaly, 
xxviii.  424  ;  Anterior  Cerebral,  xxii. 
290  ;  Posterior  Cerebral,  xxii.  291  ; 
Anterior  and  Posterior  Circumflex, 
Fusion  of,  xxvii.  39 ;  Ascending 
Cervical,  Origin  of,  xxvL  76,  78 ; 
Transverse  Cervical,  Origin  of,  xxvL 
76,  78 ;  Circumflex  of,  Ateles 
arachnoides,  xxviL  887 ;  Circum- 
flex Humerals  of  Hapale  penieillata, 
xxviL  383 ;  Circumflex  Scapular  of 
Chryptobranehus  japonicus,  xxviL 
381  ;  Circumflexes  of  Cebtu  hypo- 
leucos,  xxviL  385  ;  of  Nietipithecus 
vociferana,  xxvii.  385 ;  Coeliac  Axis, 
Obliteration  of  (Thane),  xxii.  p. 
xvii ;  Comes  Nervi  Mediani  in  Syme- 
lian Monster,  xxv.  204  ;  Posterior 
Communicating,  xxii.  291 ;  Coron- 
aries  of  Heart,  Abnormal  Arrange- 
ment of  (Hepburn),  xxix.  459-462  ; 
of  DelphinapUrua,  xxx.  135 ;  Ab- 
normal, xxYii.  p.  V  ;  Dorsal  of  Foot 
(Hensman),  xxiii.  p.  xi ;  Dorso- 
appendicular  of  Chameleon,  xxvii. 
881 ;  of  Crocodile,  xxvii.  381  ; 
Ductus   Arteriosus,   Patent,    xxviL 
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466 ;  Extensor  Collaterales  Media  and 
Ulnaris  of  HapdU  penicUlaia-y  zxvii. 
383  ;  Femoral,  Bifurcation  of,  with 
Subsequent    Re-union   (Musgroye), 
xxvi.      289-244,      655-566;       Fe- 
moral  of  Symelian  Monster,  zzv. 
204 ;    Flexor    Brachialis   of  AteUs 
arachnoides,   xxvii.    387 ;    of  Cebus 
capucinus,   xxvii.   387 ;   of  ffapale 
rosalia,  xxvii.  389 ;  Gastro-duodenal, 
Abnormal,  xxvii.   p.   v ;    Gluteal, 
xxvii.     396 ;    Hepatic,    Abnormal, 
xxiv.  132  ;  xvii.  p.  v ;  xxx.  206-208  ; 
Abnormalities  in(Elwortliy),  xxv.  p. 
vi ;  Accessory,  xxiv.  133  ;  Humeral 
Anastomosis,  xxvii.  395;  Hypogastric, 
xxiv.  221 ;  Common  Iliac,  xxvii.  396; 
Level  of  Bifurcation  of,  xxix.   35, 
52  et  srq,  ;  Artery  of  Anencephalous 
Fcetus,   xxx.   255 ;    External  Iliac, 
xxvii.   397 ;  Internal  Iliac,   xxvii. 
896  ;  Ilio-lumbar,  xxvii.  396  ;  Inno- 
minate, Absence  of,   xxiii.  p.  vii ; 
Branch  of,  replacing  Inferior  Thy- 
roid, xxiv.  70 ;  Lumbar  Artery  of 
Grey  Seal,  xxx.  498  ;  Lumbo-sacral, 
xxvii.    896 ;    Internal    Maxillary, 
Relation  of,  to  External  Pterygoid 
Muscle,     XXV.     89,    95 ;     Inferior 
Mesenteric   Artery   of    Grey    Seal, 
XXX.     501 ;     Superior     Mesenteric, 
Abnormal,  xxvii.  p.  v  ;  Obturator, 
xxviL    397 ;    Abnormal   (Hughes), 
XXVI.    pp.    xix,   XX ;    Ophthalmic, 
Origin  of,   from  Middle  Meningeal 
(Musgrove),  xxvii.  279-281 ;  Origin 
and  Intra-cranial  Course  of,  and  Rela- 
tionship to  Optic  Nerve  (Fawcett), 
XXX.    49-52 ;    Pancreatico-duodenal 
Branch  of  Hepatic  and  Pancreatic 
Branch    of    Superior     Mesenteric, 
Large  Anastomosis  between,  xxvii. 
p.  iv ;  Pectoral  and  Alar  of  Cebus 
hypoUueoSt   xxvii.    385 ;    Popliteal, 
XXIV.  p.  xix ;  xxvii.  398  ;  Profunda 
Femoris,  Double,  xxx.  581 ;  Fusion 
of,   with   one   of  Higher   Trunks, 
usually  Posterior  Circumflex,  xxvii. 
393  ;   Inferior  Profunda,  Origin  of, 
from  Superior  Profunda,  xxviL  393  ; 
Pulmonary,    Abnormal,    xxi.     98 ; 
with  4 -segmented  Valve,  xxvi.  p. 


XV ;  Relation  of,  to  Branches  of  Right 
Bronchus,    xxviiL    68,    70 ;    Rudi- 
mentary, xxviii.  306 ;  Transposition 
of,  xxvii.  464-473  ;  xxix.  pp.  xir, 
xviii ;    Stenosis   and  Malformation 
of,  xxvii.   469 ;    of  Anencephalous 
Foetus,  XXX.  253  ;  Radial  of  HapdU 
penicUlata,  xxvii.  383 ;  Absence  of 
(Charles),  xxviii.  449,  450 ;  Renal, 
Abnormal,  xxiiL  389,  340  ;  xxv.  89  ; 
XXVII.  p. v.;  xxviiL  282;  Absence  of, 
XXVII.  p.  V  ;  in  case  of  Displacement 
of  Kidney,  xxv.  26  ;  Multiple,  xxiv. 
71  ;  xxviii.  401  ;  of  Thomback,  xxiv. 
416 ;  Sacral  Artery  of  Grey  Seal, 
xxx.  498 ;  Middle  Sacral,  Mode  and 
Place  of  Origin  of,  xxvii.  183,  184  ; 
Sciatic,    xxvii.    397;    of    Testudo 
europcea,    xxvii.     898 ;    Spermatic, 
Abnormal,  xxvi.  306 ;  xxvii.  p.  v  ; 
Effect  of  Ligature  of,  xxx.  84 ;  Re- 
current   Branches    of,    xxiL    538  ; 
Splenic,    Elongated,    xxvii.  p.    v  ; 
Subclavian,     Abnormal     (Cumow), 
(Title   only),  xxL   682 ;    Abnormal 
Right  (Lane),  xxvi.  p.  xvii ;  arising 
from  Pulmonary,  xxL  98  ;  Branches 
of,  xxvii.  390  ;  (R.)  passing  in  Front 
of  Scalenus  Anticus  (Cumow),  xxix. 
p.  V  ;  Abnormal  Arrangement  of,  in 
Rabbit    (Smith),    xxv.    825,    S26  ; 
Dorsal     Origin     of,     xxvii.     183, 
189 ;     arising     from     Descending 
Aortic      Arch,      xxiv.      69 ;      of 
Anencephalous    Foetus,    xxx.    254 ; 
of    Testudo   europcBa,    xxvii    880 ; 
Supra-scapular,  Origin  of,  xxvi.  76, 
78 ;    arising   from    First   Part    of 
Axillary,  xxix.  99 ;  Sub-scapular  of 
Cdms   hypoleueoe,    xxviL    885 ;    of 
Hapale  penieUlata,   xxvii.   383  ;   of 
Niclipitheeua  voci/erans,  xxvii.  385  ; 
and  Anterior  and  Posterior  Circum- 
flex, Fusion  of,   xxvii.  893  ;  Long 
Thoracic     of    Hapale    penicUlata, 
xxvii.  388  ;  of  NiUipUhecus  vocifer- 
ans,  xxvii.  385  ;  Thoracico-dorsalis 
of  Hapale  penicUlata,   xxviL  383  ; 
Thyroid  Axis,  Branches  of,  xxvi.  p. 
vi  ;  Origin  of  Vessels  usually  Form- 
ing, xxvL  76,  77  ;  Inferior  Thyroid, 
Origin    of,    xxvL    76,    78 ;    Left, 
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arising  from  Left  Common  Carotid, 
xxiv.  70  ;  Right,  Absence  of,  zxiv. 
70 ;  Thyroidea  Ima,  xxix.  465 ; 
Anterior  Tibial  of  Symelian  Monster, 
XXV.  205  ;  Posterior  Tibial  of  Syme- 
lian Monster,  xxy.  204 ;  Umbilical, 
Single,  xxvii.  451;  of  Symelian 
Monster,  xxv.  203. 

Artery  to  Vas  Deferens,  Ligature  of, 
XXX.  89 ;  Vertebral,  given  off  firom 
Common  Carotid,  xxiv.  69 ;  Left, 
Origin  of,  from  Arch  of  Aorta,  xxvii, 
183,  189  ;  Left,  Abnormal  (Struth- 
ers),  XXVI I.  p.  iv  ;  Vertebral,  pierced 
by  Hypoglossal  Nerve,  xxix.  20. 

Arthropoda,  Liver  of,  xxv.  173,  174  ; 
Nervous  System  in,  xxiii.  428 ; 
Ventral  Ganglionic  Chain  of,  xxii. 
389. 

Artibeus  jamaicensiSf  Muscles  of,  xxiv. 
78. 

Articular  Processes  of  Vertebrae  in 
Gorilla  compared  with  those  in  Man, 
and  on  Costo-vertebral  Variation  in 
Gorilla  (Struthers),  xxvii.  181-188  ; 
Surfaces  of  Tibia  and  Astragalus, 
Influence  of  Posture  on,  xxiii.  616- 
639  ;  xxiv.  210-217. 

Articulations,  Calcaneo-cuboid,  xxv. 
102  ;  Calcaneo-scaphoid,  xxv.  102  ; 
Costo-sternal  (Musgrove),  xxvii.  1- 
4  ;  Manubrio-gladiolar,  xxii.  594  ; 
Development  of,  xxi.  592  ;  Radio- 
carpal (Shepherd),  xxv.  349-351  ; 
Sternoclavicular,  xxii.  610 ;  Tem- 
poro-maxillary,  Relation  of  Dura 
Mater  surrounding  Inferior  Maxil- 
lary Nerve  to  (Fawcett),  xxviL  179, 
180 ;  between  Cuboid  and  Head  of 
Astragalus  (Sutton),  zxvi.  pp.  xviii, 
xix. 

Ariiodactyla^  Organ  of  Jacobson  in, 
XXX.  78  ;  bones  of,  xxix.  244. 

Arvieola^  Anatomy  of,  zxx,  524. 

ArvicolaSf  xxix.  24. 

Ascending  Frontal  Fissure,  xxv.  139 ; 
Glosso- pharyngeal  Root,  xxix.  8 ; 
Parietal  Fissure,  xxv.  139. 

Ashdown,  Herbert  H.,  on  Absorption 
from  the  Mucous  Membrane  of  the 
Urinary  Bladder,  xxi.  299-324. 

Ass,  Length  of  Fore-limb  Bones  in, 


xxviii.  367, 368  ;  Limb  Plexuses,  xxi. 
619,  620 ;  Mamms  of,  xxv.  233 ; 
Sacral  Plexus  in,  xxiii.  292  el  seq, 

Astacus,  Liver  of,  xxv.  173  et  seq.  ; 
Stomato-gastric  System  of,  xxii. 
389  ;  flumatUiSf  Liver  of,  xxv.  174. 

Asteriopkysis,  xxix.  421. 

Astragalo-calcanean  Ligaments,  xxx. 
400 ;  Calcaneo-navicular  Joint 
(Smith),  xxx.  390-412,  p.  x  ;  Meta- 
tarsal Ligament,  Dorsal,  of  Foot, 
xxviii.  155  ;  Navicular  Ligaments, 
XXX.  399. 

Asymmetrical  Skull  (Curnow),  xxiii. 
p.  i.    . 

Atavistic  Polydactyly,  xxviii.  377. 

Ateles,  xxv.  142  et  seq.  ;  Brain  of,  xxx. 
313 ;  Larynx  of,  xxiii  261 ;  Origin 
of  Carotid  and  Subclavian  in,  xxix. 
453 ;  ArachnoideSf  Upper  Limb 
Arteries  of,  xxvii.  387  ;  Ater,  Gusta- 
tory Organs  of  (Tuckerman),  xxvi 
391-393;  Papillary  Ridges  of  Hands 
and  Feet  of,  xxx.  315 ;  margimUuSf 
Brain  of,  xxix.  296. 

Athelia,  xxv.  243,  311. 

Atherura  fcucicvUcUaf  Limb  Plexuses 
in,  xxi  612. 

Atkinson,  Dr  G.  A.,  Pharmacology  of 
the  Nitrites  and  Nitroglycerine, 
xxii.  225-239,  351-371. 

Atlanto-occipital  Fusion,  xxvii.  536. 

Atony  of  Uterus,  xxvi.  367. 

Atresia  Ano-vulvalis,  xxix,  465 ;  of 
Intestine,  xxviii.  376. 

Atrophic  Embryo,  xxix.  465 ;  of 
Rabbit,  xxvii.  415  ;  Malformation 
of  Embryos,  xxvii  438. 

Atrophy  of  Optic  Bulb,  xxviii.  374  ; 
of  Temporal  and  Parietal  Lobes, 
xxvii  451  ;  of  Vertebrse,  xxix.  465  ; 
Senile  of  Skull,  xxiv.  598. 

Atropia,  Absorption  of,  from  the 
Bladder,  xxi.  309. 

Atropin  Sulphate,  Action  of,  on  Non- 
striped  Muscle,  xxiv.  206,  208. 

Atti  della  Society  Romana  di  Antro- 
pologia  (Notice),  xxix.  141,  144. 

Atiekeniptertis,  xxix.  211,  421,  552  ; 
lacustria,  xxix.  409. 

Auditory  Air-passages,  Demonstration 
of  (Symington),  xxiii.  p.  ii ;  Centre 
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(Ferguson),  xzv.  292,  293  ;  Fenestra, 

xzyi.    82 ;     Foramen,     xxii.     80 ; 

Meatus,    Enternal    in      Greenland 

Whale     (Gray),     zzUL      300-802 ; 

Ossicles,  xxix.  417. 
Augnathus,  xxviii.  28,  84. 
Auk,   zxvi.   199  ;  Great,  zxiv.   113 ; 

Osteology  of,  zziii  1  et  acq,  ;  Least, 

zziii.   543   et  seq.  ;    Parrot,    zziiL 

408 ;     Osteology    of,     zziii     182 ; 

Bazor-bill,  zziii.   542 ;  zzir.   555  ; 

Skeleton  of,  zziiL  8  et  seq.,  165  et 

seq.  ;  Skull  of,  zxiv.  95,  176. 
Auklet,  Aleutian,  Osteology  of,  zziii. 

587 ;    Cassin's,   zziii.   4 ;    Crested, 

zzliL  4 ;  Skeleton  of,  zziii.  554  et 

seq.  ;    Least,    zziii.    4 ;    Parroquet, 

zziii.  4,  558  ;  Rhinoceros,  zziii.  4  ; 

Whiskered,  zziii.  4. 
Attklets,    zziii.    400 ;    Osteology   of, 

zziiL  1  et  seq,,  537  et  seq,  ;  zziv. 

170. 
Auks,  zziv.   169,  548  et  seq. ;  zzviL 

388 ;    Osteology  of,   zzv.  64,   509  ; 

Parrot,  Osteology  of,  zzv.  64,  521  ; 

Skeletons  of,  zziii.  1  et  seq.  ;  etc., 

Affinities  of,  zzv.  74. 
Aulostoma,  zziz.  118  (note). 
Aural  Orifice  of  Grey  Seal,  zzz.  415. 
Auricles    beating   twice    as    fast    as 

Ventricle  in  Animals  under  Curare, 

zzv.    56 ;     Supernumerary  (Bland 

Sutton),  zzi  289-298. 
Auricular  Appendiz,  Bifid,  zzz.  582  ; 

Functions  of  (Collier),  zxiL  p.  ziii ; 

Opening  in  Greenland  Whale  (Gray), 

zziii  800-802  ;  Septum,  Deficiency 

of,  zziv.  423  et  seq, 
Auriculo-yentricular  Valves,  modified 

Muscular  Tissue  in,  zziii.  260. 
Australian  Aboriginal,  Foot  of,  zzvii. 

126 ;    Crania,    zziz.    424    et   seq. ; 

Dentary  Arcades  in  (Turner),  zzv. 

461,  474,  p.  zvii ;  SkuU  with  Double 

Bight  Parietal  Bone  (Turner),  zzv. 

478,  474. 
Australians,  Lumbar  Sagitto-vertical, 

Indez  of,  zxiv.  125. 
AveSf  Carpus  and  Tarsus  of,  zzi  867  ; 

Liver  of,  zzv.  186  ;  palusiresj  zziz. 

22 ;    Pelvic    Limb-girdle   of,    zzi. 

866. 


Azial  Rotation  of  Abdominal  Aorta 
with    Associated  Abnormalities    of 
Branches  (Tyrie),  zzviii.  281-287 ; 
Skeleton  of  Ideridos  and  Corvidce, 
zzii  326  ;  of  Puffins,  zziv.  98. 

Axillary  Hair-tufts,  possible  Obsolete 
Function  of  (Robinson),  zxvi  254- 
257  ;  Muscular  Arches,  Innervation 
of,  in  Man,  zzii  294. 

Azis  Cylinder,  Method  for,  zziv.  607  ; 
Transverse  Markings  on,  zziv.  608. 

Azolotl,  Dropsical  Condition  of  (Bland 
Sutton),  zzi  670,  671. 

Aye-aye,  Mammee  of,  zzv.  284. 

Azygos  Veins,  Left-sided  (Howden), 
zzi.  72-75. 


Baboon,  Brain  of,  zziv.  138  et  seq. ; 
zzv.  287 ;  Chacma,  VertebnB  of, 
zziv.  120 ;  Eztemal  Condyle  of 
Tibia  in,  zziii  630 ;  Menstruation 
in,  zzvii.  372 

Bacillus  of  Bienstock,  zzv.  415 ;    of 
Mastitis(Macfadyen),  zzv.  571-577  ; 
Geniculatus,  zzv.  413  ;  Gracilis  Ilei, 
zzv.   412 ;   Liquefaciens  Ilei,   zzv. 
411. 

Bacteria  in  Alimentary  Canals  of 
Hibernating  Animals,  zzvii.  98 ; 
Behaviour  of,  in  the  Digestive  Tract 
(Macfadyen),  zzi.  227-288,  413-437  ; 
constantly  present  in  Fresh  Intes- 
tinal Contents,  zzv.  394  ;  Nature 
and  Action  of  Enzymes  produced  by 

-  (Macfadyen),  zzvi.  409-429. 

Bacterium  resembling  Bacillus  coli 
eommunei  zzv.  406 ;  aerogenes, 
zzv.  413  ;  bisehlerif  zzv.  414 ;  coli 
commune^  zzv.  414 ;  ileif  zzv.  409  ; 
lactis  aerogenes,  zzv.  414  ;  ovcUe  ilei, 
zzv.  411  ;  probably  identical  with 
Bacterium  lactis  aeroqenes  of  Esche- 
rich,  zzv.  412. 

Badger,  Brain  of,  zzii.  559  ;  zzv.  128 
et  seq. ;  Ovary  of,  zzi  174,  175 ; 
Peritoneum  of,  zzz.  358  et  seq, 

Bagroides,  zziz.  112. 

BagruSf  zziz.  519. 

BcUoBTia  antipodarum,  Sternum  of, 
zziz.  696  (note) ;  australiSt  Sternum 
of,  zziz.  595  (note) ;  mystieetus,  Car. 
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puB  of,  xxiz.  145-187 ;  External 
Auricular  Opening  and  External 
Auditory  Meatus  in  (Gray),  xxiii. 
SOO-302;  Pelvic  Apparatus  of, 
xxvi.  267  ;  Rudimentary  Hind-limb 
of,  xxvii.  291-335 ;  Sternum  of 
(Struthers),  xxLx.  593-612 ;  Tem- 
perature of,  xxY.  385 ;  nbbaldii, 
Mammary  Gland  of,  xxviii.  24. 

Balcenicipidas,  xxix.  24. 

Bakenoptera,  Brain  of,  xxv.  136 ; 
Intestines  of,  xxx.  132 ;  Larynx  of, 
xxiii.  270 ;  borealia.  Carpus  of, 
xxix.  145,  161  ei  seq.;  Osteology  of, 
xxiii.  316  (note)  et  seq.^  370  (note),  371 
(note) ;  Pelvic  Bone  of,  xxvii.  323  ; 
Yertebrse  of,  xxii.  449  et  seq, ;  lati' 
cepSf  Osteology  of,  xxiii.  370  (note) ; 
mtaculus,  Carpus  of,  xxix.  145,  154 
et  seq. ;  and  Digits  of,  xxx.  151 ;  Oste- 
ology of,  xxiii.  308  et  seq, ,  358  et  seq, ; 
Pectoral  Fin  of,  xxii.  242 ;  Rudi- 
mentary Hind-limb  of,  compared 
with  those  of  Humpback  Fin- 
whale  and  Greenland  Right-whale 
(Struthers),  xxvii.  291-335;  Skeleton 
of,  xxiii.  124  (note)  et  seq. ;  Sternum 
of,  xxix.  597 ;  Vertebne  of,  xxiL 
449  et  seq.,  630  et  seq,;  rostrata, 
xxiiu  317  (note) ;  Brain  of,  xxv.  Ill, 
136 ;  Carpus  of,  xxix.  145,  162  et 
seq,;  Pelvic  Bone  of,  xxvii  323  ; 
Skeleton  of,  xxiii.  124  (note)  et  seq, ; 
Small  Intestine  of,  xxx.  132  et  seq. ; 
Carpus  and  Digits  of,  xxx.  151  ; 
scMegelii,  Osteology  of,  xxiii.  370 
(note) ;  sibbaldii,  Sternum  of,  xxix. 
594  (note). 

Bald-headed  Chimpanzee,  Anatomy  of, 
xxx.  313. 

Balgamie,  Abnormal  Ligamentous 
Radio-ulnar  Band,  xxY.  p.  v. 

Batistes  aeuleatus,  Sound  Production 
in,  xxix.  139 ;  vetula,  xxix.  409, 
533  ;  Sound  Production  in,  xxix.  139. 

Ballance,  C.  A.,  Ligation  of  Great 
Arteries  in  Continuity,  with  Obser- 
vations on  Nature  and  Treatment  of 
Aneurism  (Notice),  xxvi.  574,  575. 

Ballantyne,  Dr  J.  W.,  Sectional 
Anatomy  of  Anencephalic  Foetus, 
xxvi.  516-529. 


Band  in  Left  Auricle  of  Heart  (BoUes- 

ton),  xxx.  p.  vi. 
Bandicoot,  Gustatory  Organs  of,  xxiii. 

205. 
Bannwarth,  Dr£.,  Crania  Helvetica 

Antiqua  (Notice),  xxix.  332. 
Barberry,  Rust  of,  xxi.  249. 
Barfoed's  Reagent,  xxvi.  421. 
Barnes,  A.  S.,  Structure  of  Red  Glands 

in  Swim-bladder  of  certain  Fishes, 

xxx.  545-558. 
Barometric    Pressure,    Effect    of,    on 

Development  of  Eggs,  xxix.  468. 
Basi-cranial  Hernia,  xxv.  437. 
Bat,  Collared  Fruit,   Brain  of,  xxv. 

115  ;    Gustatory  Organs  of,    xxiii 

205. 
Bateman,    Sir  F.,    Aphasia  or  Loss 

of  Speech,  and  the  Localisation  of 

the  Faculty  of  Articulate  Language 

(Notice),  xxiv.  614. 
Bathyergus  marUimuSf  possible  Ster- 

nalis   Muscle   in    (Parsons),  zzix. 

pp.  xi-xiv. 
Batoideiy  xxiv.  420. 
Batrachia,  xxix.  129 ;  Stemo-mastoid 

of,  xxii.  401. 
BatraehuSf  xxix.  127  (note). 
Batraehus   tau,   xxi.    15 ;    xxix.    113 

(note),  120  (note). 
Bats,  Larynx  of,  xxiii  590  ;  Mammae 

of,  xxv.  227,  248  ;  Organ  of  Jaoobson 

in,  xxx.  76  ;  Temperature  ol^  xxv. 

381. 
Bat's  Wing,  Circulation  in,  xxv.  265. 
^'Bau  des  Men&chen  als  Zeugniss  fiir 

seine  Yergangenheit  (Wiedersheim) 

(Notice),  xxix.  142,  144. 
Bdellostomay  Yagus  in,  xxii  383. 
Beak  of  Megaptera,  xxiii.  329. 
Bear,  Brain  of,  xxx.  8  ;    Hair-nerves 

in,   xxvii.  229 ;    Larynx  of,   xxiii 

259  ;  Transverse  Humeral  Ligament 

of,  xxiv.  247  ;  Brown,  Brain  of,  xxii. 

576 ;    Polar,   Brain  of,   xxii.   558 ; 

xxv.   112  et  seq,  ;   Sloth,   Muscular 

Supply  in,  xxiii.  207. 
Beaver,  Brain  of,  xxv.  114;  xxvii.  69  ; 

Myology  of,  xxviii  414  ;  Nerves  of, 

xxv.  35. 
Beddard,  F.  E.,  Anatomy  of  Anthro- 
poid Apes  (Notice),  xxx.  812,  313  ; 
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Note  on  the  Struotore  and  Develop- 
ment of  the  Ovam  in  an  Annelid 
{Eudrilus),  xxii.  9-14. 

Beer,  Dr  B.,  Development  of  Sylvian 
Fissure  in  Human  Embryo,  zxiy. 
p.  iz. 

Bees,  Cephalic  Ganglia  of,  zxix.  100. 

Beitrage  zur  feineren  Anatomie  des 
Kleiuhims  und  des  Himstammes 
(Held)  (Notice),  zzvui.  380. 

zur  Eenntniss   der   Lage  der 

weiblichen  Beckenorgane,  nebst 
Beschreibung  eines  irontalen  Gefrier- 
schnittes  des  Uterus  Gravidus  in  situ 
(Waldeycr)  (Notice),  xxvi.  673. 

zur  Physischen  Anthropologie 


der  Aino  (Eoganei)  (Notice),  zxviii. 
385  ;  XXX.  818. 

Bejuco  de  Muvacoure,  xxv.  57  ;  xxvii. 
405. 

Bejucos,  xxviii.  96. 

Belideus  arid.  Gustatory  Organs  of 
(Tuckerman),  xxiv.  85-88 ;  brevieepSf 
Muscles  of,  xxii.  545. 

Bell,  Dr  A.  L.,  Influence  of  a  Previous 
Sire,  XXX.  259-274. 

Bell  Pig,  Stuffed  Head  of  (Stuart), 
XXVI.  p.  i. 

Bell's  Paralysis,  xxx.  43. 

Beluga,  Anatomy  of  (Struthers),  xxx. 
124-156 ;  Carpus  of,  xxix.  145  ; 
Stomach  of,  xxiii.  487,  489  ;  Ovary 
in,  xxi.  170. 

Benedikt,  Prof.  M.,  Surface-anatomy 
of  Brain,  xxv.  210-221. 

Beneke,  Prof.  F.  W.,  Constitution  und 
Constitutionelles  Kranksein  des 
Menschen  (Notice),  xxi.  675-679. 

Benham,  Dr  W.  B.,  Cerebral  Con- 
volutions of  Chimpanzee,  known  as 
Sally  and  those  of  other  Chim- 
panzees and  Orangs  (Notice),  xxx. 
313. 

Benington,  R.  C,  Dissection  of  a 
Symelian  Monster,  xxv.  202-209. 

Bennett,  Dr  E.  H.,  on  the  Ossicle 
occasionally  found  on  the  Posterior 
Border  of  the  Astragalus,  xxi.  59-65. 

W.  H. ,  Abnormalities  around 

Caecum,  xxiv.  p,  xix ;  Abnormal 
Arrangement  of  Ileo-cecal  portion  of 
Intestine,  xxv.  87,  88. 


Benzoyl-Ecgonin,  Action  of  (Stock- 
man), xxi.  46-58. 

Bernard,  H.  and  M.,  Wiedersheim's 
Structure  of  Man,  an  Index  to  his 
Past  (Notice),  xxx.  316. 

Berry,  James,  Anatomy  of  Thyroid 
Body  (Title  only),  xxi.  682 ;  Liga- 
ments of  Thyroid  Gland,  xxii.  p.  iv. 

Bewley,  Henry,  On  the  Changes  pro- 
duced in  the  Lungs  of  Sheep  by  a 
Parasitic  Worm  {Sirongylus ^filaria), 
xxi.  874-377. 

Bibliography  of  Symelian  Monsters, 
xxx.  184. 

"  Bichir  "  (Egyptian  Fish),  xxix.  128. 

Bicipital  Foramen,  xxiv.  248. 

Bioornuous  Uterus  of  Lemurs,  xxvii. 
375. 

Bifid  Auricular  Appendix,  xxx.  582 ; 
Clitoris  (Windle),  xxvii.  p.  xxii ; 
Genital  Tract  of  Ornithorhynchus, 
xxvii.  375 ;  Hallux,  xxriii  26 ; 
Sternum,  xxv.  310  ;  Tongue,  xxviiL 
28,  374  ;  Uterus,  xxx.  461 ;  Xiphis- 
ternum,  xxvii.  234. 

Bifurcation  of  Femoral  Artery  with 
subsequent  Be-union  (Musgrove), 
xxvi.  239-244,  555,  556;  Bifarca- 
tion  of  Rib  and  Costal  Cartilage 
(Eocles),  XXVIII.  p.  ix. 

Bile  Salts  (Glyco-  and  Tauro-cblorate 
of  Soda)  in  their  Relation  to  Secre- 
tion of  Urea,  etc.  (Edington),  xxx. 

215-237. 
Bile  and  Bacilli,  xxi.  233  ;  and  Micro- 
organisms, xxi.  419. 
Biliary    Passages,    Transposition    of, 

xxix.  467. 
Bilobed  Placenta  of  Lower  Apes,  xxvii. 

375. 
Biological   Memoirs,  Foreign  (Trans. 

by  Burdon-Sanderson)  (Notice),  xxii. 

307. 
Biologische     Untersuchungen,     Nene 

Folge  II.  und  iii.  (Retzius)  (Notice), 

xxvi.  577. 
Biondi's  Fluid,  xxiv.  162. 
Bioplasm,  xxiv.  273. 
Bipes  pallasii.  Scoliosis  in,  xxiii.  297. 
Birch,  Prof,  de  Burgh,  a  new  Model 

for  Demonstrating  the  Action  of  the 

Muscles  of  the  Eyeball,  xxii.  107, 108. 
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Bird,  DupUdty  of  Limb  in,  xxviii. 
80  ;   Stemomastoid   of,    zzii.  401 ; 
Auditory   Ossicle    in,    zxix.    417 ; 
Embryonic  Membranes  in,  zziv.  1  ei 
9eq, ;  Gastrocnemius  of,  zzviii.  415  ; 
Hind-limb  in,   zziii.    296  ;    Limb- 
plexuses  of,   zxiii.   290 ;   Olfactory 
Organ  of,  xxviiL  887  ;  Peritoneum 
of,  zzx.  855  ;    Sexual  Glands  in, 
xxiy.  28 ;   Tarsus   of,  xxiii«   245  ; 
Temperature  of,  xxv.  878 ;  Thyroid 
in,  xxvii.  161. 
Birmingham,  Prof.  A.,  Absent  Thoracic 
Duct  causing  (Edema  of  a  Foetus, 
xxiii.    582-586 ;    Arrangement    of 
Lumbar   and   Sacral   Nerves  in  a 
subject  with  six  Lumbar  Yertebrse, 
XXIY.  p.   i ;  extreme  Anomaly    of 
Heart  and   Great   Vessels,    xxvii 
189-150,  p.  ix ;  the  Homology  and 
Innervation  of  the  Achselbogen  and 
Pectoralis  Quartus,  and  the  Nature 
of  the  Lateral  Cutaneous  Nerve  of 
the  Thorax,  xxiii.  206-228  ;  Nerve 
of  Wrisberg,    xxx.    68-69 ;   Spina 
Bifida  of  Cervical  Vertebrse,  XZYII. 
p.  viii ;  Variability  in  Attachment  of 
Lower  Limb  to  Vertebral  Axis  in 
Man,  xxv.  526-584. 
Bitch,  Brain  of,  xxix.  297  ;  Ovary  in, 

xxi.  172,  175. 
Bizzozero's  Methyl-violet   Salt   Solu- 
tion, xxv.  257. 
Black,    divided    Internal   Cuneiform 

and  Os  Styloideum,  xzviii.  p.  xx. 
Blackbirds,  Brewer's,  xxiL  828; 
Bronzed,  xxii.  809  et  aeq,  ;  Marsh, 
xxii  881 ;  Bed-shouldered,  xxii 
809  et  seq,  ;  Yellow-headed,  xxii 
809  a  seq. 
Black  Whale,  Carpus   of,   xxix.  161 

et  $eq, ;  Pelvic  Bone  of,  xxvii.  828. 
Blacker,  Dr  G.  F.,  Topographical 
Anatomy  of  Fourchette,  xxx.  288- 
288,  p.  u. 
Bladder,  Absorption  from  the  Mucous 
Membrane  of  (Ashdown),  xxi.  299- 
824 ;  in  case  of  Single  Kidney, 
xxviii.  199;  Irritability  of,  xxviii. 
468 ;  Mechanism  of,  xxvi  865 ; 
Rhythmical  Contractions  of,  xxi. 
316 ;     Rhythmical     Variations    in 


Tonicity  of  Wall  of,  xxxi.  254 ; 
Supernumerary,  xxx.  250  ;  Wanting 
in  Symelian  Monster,  xxv.  203 ;  of 
Grey  Seal,  xxx.  498  ;  of  ffymna, 
xxiii  100  ;  of  Risso's  Dolphin,  xxvi 
265 ;  in  Sirenomele,  xxx.  511 ;  of 
Whale,  xxvii.  802  (note) ;  and 
Urethra  (Griffiths),  xxv.  585-549; 
xxix.  61-88,  254-275. 
Blastoderm     before     Formation      of 

Embryo,  xxiv.  8. 
Blind  Fishes,  xxix.  401. 
Blood,  Absorption  of,  from  Peritoneal 
Cavity,  xxi.  460 ;  Action  of  Nitro- 
glycerine on,  xxii    867 ;    Changes 
during  Coagulation  of,  xxii.  582- 
592  ;  Circulating,  Devoid  of  Fibrin- 
ferment,    xxii   172-190 ;    Coagula- 
tion of,  xxi  265  ;  Diluted,  Action  of, 
on  Non-striped  Muscle,  xxiv.  200 ; 
Motion  of,  in  Human  Arteries  (Hoor- 
weg),   xxiv.   484-471,   592;  Physi- 
ology and  Pathology  of  (Muir),  xxv. 
256-277, 852-878  ;  Schema  of  Circu- 
lation of  (Charles),  xxii.   485-440  ; 
Corpuscles,  Dry  Cover-glass  Micro- 
scopical Preparations  of,  xxiv.  160  ; 
Method  of  Preserving,    for  Micro- 
scopical Examination  (Leigh),  xxii. 
497  ;  White,  Action  of  Solid  Matter 
on,  xxii.  585  ;  do  they  break  down 
during     Coagulation,    xxii     588 ; 
Formation,    Structure     of     Bone- 
marrow  in  Relation  to  (Muir  and 
Drummond),      xxviii.       125-141  ; 
Plates,  xxv.  259 ;  Action  of  Inert 
Solids  on,  xxii   591 ;  Dry  Method 
for,  xxiv.  601 ;  Pressure,  Action  of 
Curarine  on,  xxv.  41 ;  Experiments, 
Hsemoylobinuria   in   (Tillie),    xxv. 
560,  551 ;  Tracings  after  Curarine, 
xxv.  58, 59  ;  Transfusion,  Intra-peri- 
toneal  (Hunter),  xxi.  138-152,  264- 
288,  450-472 ;  Vascular  System  of 
Rabbit  with  Single  Kidney,  xxviii 
401-407. 
Blood-vessels,   Microscopical  Prepara- 
tions of,  xxiv.  165  ;  of  Retina,  with 
a  Method  of  Preparation  for  Lantern 
Demonstration    (Musgrove),    xxvi 
245-258  ;  and  Lymphatics  of  Retina 
(Musgrove),  zzvii.  p.  ix. 
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Blood,  Bone,  Marrow,  etc.,  Method  of 

Examining  (Muir),  zzvi  893,  894 
Blood  and  Milk,  Similarities  between, 
zziz.  198 ;  Dissimilarities  between, 
zziz.  199. 
Blow-holes  of  MegapterUf  zzii.  122. 
Blabber  of  Del^inapterus,  zzz.  129  ; 

of  Mega/ptera,  xxii.  124. 
Blue  Jays,  xxii.  809. 
Blutplattohen,  xxv.  268. 
Blutscheibchen,  xxv.  268. 
Bobolinks,  xxii  809. 
Bodjkwus  eoataius,  Sound  Prodnotion 

in,  xxix.  222. 
Body   Oaylty,  Prolongation   of,  into 

Somite  in  Babbit,  xxi.  646. 
Bogenfurohe  of  Arnold,  xxiv.  310  «^  seq. 
Bolam,  B.   A.,   Ixgeotion  Apparatus, 

xxix.  230-233. 
BombifuUor,    Vertebral   Skeleton    of 
(Howes),  xxiY.  p.  xvi ;  ignetts.  An- 
terior Abdominal  Vein  in,  xxx.  212. 
Bone,  Teeth,  and  Hair  in  Bladder,  xxx. 

811. 
Bone-marrpw,   Structure    of,    in   Re- 
lation   to    Blood-formation    (Muir 
and  Drummond),  xxviii.  125-141 ; 
Dry    Microsoopical   Preparation   of 
xxiy.  163. 
Bones,  Absence  of  whole  or  part  of 
(Tyrie),   xxviii    411-418;    Morbid 
,    Anatomy  of,  in  Chronic  Glanders  in 
Human  Subject  (Sharp),  xxix.  492, 
498  ;   Cleaning  of,  by  Peroxide  of 
Hydrogen,  xxYii.  p.  ix ;  of  Extra 
Fore-arm  in  Monstrous  F(Btus,  xxx. 
248  ;   Growth-rate  of  (Pye),  xxiii 
116-128;    Method    of    Examining 
(Muir),  xxvi.  893,  894  ;  Preparation 
of,  by  Burial  in  Sand  (Cleland),  xxv. 
pp.  xvii-xviii. 
Bones,    Os    Acetabuli,    xxvii    550 ; 
Acromia,    Additional,    xxviii.    30 ; 
Acromion,    Notes   on   (Macalister), 
xxvii.  245-251,  p.  xvii ;  of  Echidna^ 
xxvi.  405  ;  of  OmithorhyjieliuSf  xxvL 
405  ;    Alisphenoid  of    CerUroeercus, 
xxiv.  94  ;  Antibrachium  of  Icteridce 
and  CorvidcB,  xxii.  348  ;  Antorbital 
of  Cariana,  xxiii.  8  ;  Articular  Pro- 
cesses  of  Vertebrae   of  Megaptera^ 
xxiL  632 ;    Astragalus,  xxii.   418 ; 


Changes  in,  due  to  Posture,  xxviii 
14  ;  Condition  of  Tnbereulum  IaI- 
erale  of  Posterior  Process  o(  xx7. 
89,  98  ;  Influence  of  Portnie  on  Fonn 
of,    xxiii    616-689;    on    ArtienlAr 
Sur&ces  of,  xxiv.  210 ;  Ossicle  on 
Posterior  Border  of  (Bennett),  xxi 
59-65  (Shepherd),  xxi.  885  ;  (Bland 
Sutton),  xxi.  888, 834 ;  (Turner),  834, 
885  ;  of  Pa^jabi,  xxviii  273  et  9eq, ; 
Atlanto-oocipital      Fusion,     xxrii. 
536  ;  Atlas,  xxiv.  858  ;  Absence  of 
Anterior  Arch  of  (Dwight),  xxi.  589 
-550  ;  Development  and  Variations 
of    (Macalister),    xxvii.      519-542, 
p.  xxxviii ;  of  Gulls  and  Jaegeis, 
xxiv.  555  ;  of  Mega^tera  longifnamit 
xxiii.  125  ;  of  Razor-bill,  xxiii  15 ; 
of    Simorhynchua   pugiUus,    xxiii. 
549  ;  of  Una,  xxiii.  171  ;  Axis  (Mac- 
alister), p.  XXVIII.  p.   vi ;  Abnor- 
malities of,  xxviii.  875 ;  Develop- 
ment and  Varieties  of  (Macalister), 
xxviii    257-268;     and     Odontoid 
Process     distinct    (Turner),    xxiv. 
358,  359  ;  of  Jfegaptera  longimana, 
xxiii.   130;   of  Shoe-maker,  xxvii 
603;    of   Uria,  xxiii    171;    Basi- 
occipital  of  Megaptera,  xxiii  813; 
Basi-pterygoid,  Absent  in  Auklet, 
xxiii.  547  ;  Basi-sphenold,  Teratama 
of,  xxviii  874;    Caloanea,    Foaed 
of    Symelian   Monster,   xxx.    171; 
"Cannon  Bone,"  xxix.  244  ;  Capi- 
tatum    Secundaiium,    xxix.    468; 
Carpo-metacarpus  of    Chionis    and 
ffcBTnaiopus,  xxv,  521 ;  of  Qulls  and 
Jaegers,   xxv.   68 ;  of  Jaeger,  xxv. 
60 ;  Carpus,  Palmar  Ligaments  of, 
xxviii.  162  ;  of  BalcenopUra  boreaUti 
xxix.  157 ;  of  BcUcmopteramuscuhtt, 
xxix.  155  et  seq,  ;  Carpus  of  Divers, 
xxiv.  182;  of  Greenland  Right-whale 
and  of  Fin-whales  (Struthers),  xxix. 
145-187  ;  of  MegapUra,  xxii.  252 ; 
of    Uria,    xxiu.    181;    of  Water- 
tortoise,    xxv.    849;    of   Whales, 
Comparison    of,    xxii    258 ;    and 
Metacarpus  of  DelphinapUrus,  Re- 
lation   between,    xxx.    510;    and 
Tarsus  of  Amphihiaf  xxi  867;  of 
Birds,  xxi.  367  ;  of  Cheiroptargiwrnt 
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zzi  867  ;  of  MammaUa^  zxL  867  ; 
Caudal   Vertebna  of  Ititiridod  and 
Corvidce,  zxii  888 ;    of  Megapt&ra 
kngimana,  xxii.  442  et  aeq. ;  Gen- 
trale,  xxiz.  468  ;  of  Delphinapterus, 
xzx.  149  'f  Cervical  Ribs,  xxi.  689 ; 
Two  Cases  of  (Dwight),  xxL  539- 
550  ;  of  Ideridos  and  Corwdx^  zzii. 
326  ;  Cervical  YertebrsB  of  leteridcB 
and  Corvidai,  zzii.  826  ;  Chevron  of 
Megaptera   Umgimana^   zziii.   160 ; 
of  UrincUor,  zziv.  179 ;  Claustnim 
of  Characmi,  zziz.  Ill ;  of  Cobitini, 
zziz.    Ill ;    of   Cyprinoidei,  zziz. 
Ill ;  of  Oymnotini,  zziz.   Ill  ;  of 
Siluroidse,  zziz.  110 ;  Glaviole  with 
Artioolar    Process    in    Region    of 
Conoid   Tubercle,  zxv.    p.  v ;   in 
Acromegaly,  zziv.  487 ;  of  Grebes, 
zziv.  172 ;  of  Loons,  zziv.  186  ;  of 
Razor-bill,   zziii.  20,   86 ;  of   Uri- 
ntUor,  zziv.  179 ;  Absence  of  Part 
off    zzvi.   489 ;  Coccyz,   zzv.    529 
ct  seq, ;    Coraoold,  Morphology   of 
the  Mammalian  (Howes),  190-198 ; 
of    Aramtu   gigcmietu,    zziz.    82 ; 
of  CepphuSt  zziiL  422;  of  Grebes, 
zziv.     172 ;    of    Orua    amencajui, 
zziz.  82 ;   of  Gulls   and   Jaegers, 
zziv.  560  ;  of  LaruSt  zziv.  180 ;  of 
Loons,    zziv.   180 ;   of   Megaptera, 
TiHi  248  ;  of  Murrelets,  zziii.  408  ; 
of  JRaUus  longiroatriSy  zziz.  82 ;  of 
Razor-bill,  zziii.  21,  85  ;  of  Simor- 
hyneh(U8pu8illu8f  zziii.  551 ;  of  Urin- 
aior,  zziv.  180;    Cotyloid,  zzvii. 
550 ;  in  Pelvis  of  Cat  (Sutton),  zxxx. 
pp.  zzvii,  zzviii ;  Cribriform  Plate, 
Duplicity  of,  zzviii.  29  ;  Crista  galli. 
Duplicity  of,   zzviii.  29;   Cuboid, 
Articulation  of,  with  Head  of  Astra- 
galus (Sutton),  zxvi.  pp.  zviii,  ziz ; 
Fused  in   Symelian  Monster,  zzz. 
171;    xzYiu.    p.    zz;    Cuneifonui 
divided     Internal,    XXY.     p.     vi ; 
Digital,    of    Horse,    Development 
of     (Struthers),      zzviiL      51-62 ; 
Digits  of  Megaptera,  zzii.  254;  of 
Whales,  zziL  255;  Disto-carpals  of 
Bakenopkra  roOrata^  zziz.  168 ;  of 
DelipkvnapteruSf  zzz.  149  ;  of  Mytii- 
csbu,  zziz.  149,  167 ;  Doraal  Yerte- 


bro  of  Megaptera  longifrnana,  zzii 
448 ;   Ectocondyloid   Process,    zzv 
521 ;  Endognathion,  zzii.  480 ;  Ento 
scaphoid  of  Otariajiibata,  zziii  246 
Epi-coracoid  of  Monotremaia,  zzvi 
408 ;  Os  Epilunatum,   zziz.    468 
Epicondylar  Process   of  Femur   of 
leUridce  and  Corvidce,    zzii.    844 
Epiotic  of  Teleoatei,  zziz.  118  ;  Epi 
physes  of  Yertebne   of  Megaptera 
longimana,  zzii  449 ;  Epipteric  in 
Punjab  Skulls,  zzvii.  9  ;  Os  Epipy- 
ramis,  zziz.  468 ;  Epistemal  Bone 
of  Lizards,   zzvii.   282 ;    of  Mono- 
tremata,    zzvii.  232 ;   Ethmoid   of 
GepphtcSf  zziii.  415 ;  of  FraterculinaB, 
zziv.  96  ;  of  Razor-bill,  zziii.  12,  84  ; 
of  Simorhynehus,  zziii.  545  ;  Ethmo- 
turbinals  of  Megaptera,  zziii.  825; 
Ez-oocipital    of    Megaptera,    zziii. 
312;  Femur  in  Acromegaly,  zziv. 
489  ;  Adventitious  Joint  of,  follow- 
ing   Ununited     Fracture    (Sharp), 
zziz.  330,  881 ;  Angle  of,  with  Shaft 
at  Yarious  Ages,  etc.  (Humphrey), 
ZZIII.  p.  viii ;  Articular  Surface  of, 
zziz.    574;    Changes    in,    due   to 
Posture,  zzviii  10 ;  Dislocated,  of 
Microcephalic    Idiot,    zzviii.    441  ; 
Osteal  Outgrowth    from   Shaft   of, 
Consequent  on  Irritation  by  Needle 
(Fawcett),  zzviii.   464 ;  in  case  of 
Congenitally   Absent  Tibia,    zziii 
608 ;    with   Tubercle    on  Posterior 
Border  of  Great  Trochanter  (Stuart), 
zzvi.  p.  V ;  from  Java,  zziz.  448 ;  in 
Knock-knee,  zziv.  59$ ;  and  Tibia, 
Geniculate    Articular    SurlJEMses    of 
(Higgins),  zzz.  292-295 ;  of  Bdlee- 
noptera  mvMuZus,  etc.,  zzvii   298, 
297  ;  of  Cepphus,  zziii.  424  ;  in  Fin- 
whales  and  Mysticetus,  Comparison 
of,  zzvii  328 ;  of  Gull  and  Jaegers, 
zzv.  65  ;  of  IcteridcB  and   OorviddB, 
zzii.  348 ;  of  Loons,  zziv.  183,  186  ; 
of  Megaptera,   zzii.   273;    of   Pan- 
jabi,  zzviii  277 ;  of  Pithecanthopus 
ereetua,  zxiz.  p.  zviii;  of  Puffins, 
zziv.  107  ;  of  Razor-bill,  zziii.  30, 
36 ;     of    Simorhynchiia     pusUhts, 
zziii.  558 ;   of  Sirenomelian,  zzz. 
507  ;   of  Symelian  Monsters,   zzz. 


20 


INDEX  TO  VOLS.  XXL-XXX. 


171;    of   Whale,    GonnectioQa   of, 
zxvii.  320  ;  Muscles  of,  zzvii.  816  ; 
Fibula,    Absence    of,    zxvii.    422 ; 
xzviii.  412  ;  in  Acromegaly,  zziv. 
489;      in     case     of    Gongenitally 
Absent  Tibia,   zxiii.  604 ;  Embry- 
onic Relation  of,  to  Femur  (Griin- 
baum),  XXVI.  p.  xx  ;  Connection  of 
Popliteus  Tendon  with,  xxix.  570  ; 
of  Chionis  and  ffcBmcUopuSf  xxv.  522 ; 
of  Gulls  and  Jaegers,  xxv.  67 ;  of 
Ideridos  and  OorvidcB,  xxiL  344 ;  of 
Loons,  xziv.    184;    in   Razor-bill, 
xxiii.  82, 36 ;  Absent  in  Sirenomelian 
Monster,   xxx.    507;   of  Symelian 
Monster,  xxv.  204 ;  xxx.   171 ;   of 
Uria,  xxiiL  183 ;  Foramen  Lacerum 
Anterius  in  OoriUa  savoffei,  xxix. 
343  ;  Post-condylare  in  OoriUa  8am- 
agei,  xxix.  843  ;  Spinosum  of  OorUla 
samgei,  xxix.  346  ;  Vesaliiin  O'mZto 
aavagei,  xxix.  343;  Fourohette  or 
Furcular  Olavide  of  Birds,  xxvii 
234 ;    Frontal  of  Braehyrhamphus 
and  SyTitMiborhamphuSy  xxiii  401; 
of  UriTiatoridce,  xxiv.  175;  Fronto- 
squamous   Suture   of  GhriUa  sav" 
ageif  xxix.  345 ;  Furcula  of  Aramus 
giganUus,  xxix.  32 ;  of  Grebes,  xxiv. 
172 ;  of  Qrtts  amerieana,  xxix.  82 ; 
of  Gulls  and  Jaegers,  xxiv.  560 ;  of 
Ideridoi  and  CorvidcB,  xxii  336  ;  of 
Lanu,  xxiv.  180 ;  of  Porzana  Caro- 
lina, xxix.  27  ;  of  JRaUtuUmgirostris, 
xxix.  32 ;   of  Rasor-bill,  xxiii.  20 ; 
of  UrinatoTt  xxiv.   180 ;    Furcular 
Clavicle     of    Birds,     xxvii.    234; 
Genial  Tubercle  of  OoriUa  savagei, 
xxix.  344 ;  Glenoid  Cavity  of  Megap- 
tera,  xxii.  248 ;  Gluteal  Trochanter 
in   the   Human   Subject   (Treves), 
xxi.    325-327;    Os    Hamuli    Pro- 
prium,  xxix.  468 ;  Hamulus  Lachry- 
malis  of  OoriUa  aanjogd,  xxix.  343 ; 
Ossis  Hamati,  xxix.  468 ;  Humerus 
in  Acromegaly,  xxiv.  487 ;  DupUcity 
of,  xxviii.  20  ;  Length  of,  in  Horse, 
Ass,  Zebra,  Hipparionf  Mesohippus, 
Hyracotheriumf  P?ienacodua,  xxviii. 
867;   Ossification  in   Head   of,   at 
Birth,  xxv.  552-556,  p.  xviii ;  with 
Double     Spiral    Groove    (l^iane). 


zxYin.  p.xz ;  Intn-utorine  Liucafcioii 
of,  xxix.  467 ;  of  Aramus  ffigamUm, 
xxix.  82 ;  of  Balcautptera  muacvku, 
xxix.  171 ;  of  Cepf^/U8,  rriii.  428 ; 
of  Chioms,  Hcenuiapus^  and  Biua, 
xxv.   520;    of  Orex,  xxix.   82;   of 
Colymhus,  xxiv.    172;    of    Divers, 
xxiv.  181 ;  of  Gibbon,  xadv.  249  ;  <rf 
Qrus  amerieana,  xxix.  32  ;  of  Gulla, 
xxv.  61 ;  of  Horse,  xxviii.  238 ;  of 
IderidcB  and  Corvidoi,  xxii.  839 ;  of 
Jaegers,    xxv.    62;    of   JfeffopUra, 
xxii  249  ;  of  Mystieetus,  xxix.  171 ; 
of  Phenacodes,  xxviii  238  ;  of  Por- 
zana, xxix.   32;   of  Poffins,  xxiv. 
104  ;  of  BaUtis  Umgirostris,  xxix.  32 ; 
of  Razor-bill,    xxiii    25,    36;    of 
SUuaroidcB,  xxix.  207  ;  of  Simorhynr 
chuspurillus,  xxiii.  552 ;  of  Teieo&tei, 
xxix.  118;    of   Vria,    xxiii    179; 
Humero-soapular    of    leUrieUe   and 
CormdoB,  xxii  836  et  seq.;    Hyoid, 
Mammalian,  with  special   referenoe 
to    that    of    Lqnu,    Eyrax^    and 
Cholcepits  (Howes),  xxx.    513^26; 
Hyoid   of  ffycena,    xxiii    91 ;    of 
Megaptera,    xxiii.    370;    Hyoidean 
Arch  of  leteridce  and  OorwdtB,  xxii. 
318  et   seq, ;   Hypolunatom,   xxix. 
468 ;  Hypotarsns  of  Oolymbus,  xxiv. 
178 ;  Ilia  of  Sirenomelian  Monster, 
xxx.  507 ;   of  Symelian   Monsters, 
xxv.    207 ;    XXX.    171 ;    Ilioneural 
Canals  of  Aramus  gigaaUeus,  Onu 
americana,  and  EaUus  longirostris, 
xxix.  81 ;  Incus  of  CharaGini,  xxix. 
Ill;    of  CobUini,    xxix.    Ill;   of 
Oyinrinoidei,  xxix.  Ill ;  of  Oymnuh 
tint,  xxix.  Ill ;  of  SilwroicUB,  xxix. 
110;    Inferior  Maxilla,  xxii   481; 
Double,  xxviii  26 ;  Structure  of,  with 
special  referenoe  to  Inferior  Dental 
Canal  (Fawcett),  xxix.  855-866 ;  in 
Acromegaly,  xxiv.   482;  of  Catar- 
rhine     Monkeys,     Ligaments     of, 
xxviii  166;  Infira-orbital  Canal  of 
OoriUa  aavagei,  xxix.   845;   Fora- 
mina of  OoriUa  savagei,  xxix.  845 ; 
Suture   of    OoriUa  savagei,   xxix. 
345;      Infra-temporal     Creeta    of 
OoriUa  aaioagei,  xxix.  844;   Inion 
in  Fuiqab  Skulls,  zxvii  12 ;  Inter- 
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oalarium  of  SiiuroidiB,  zxiz.  110; 
IntennaxillAry,  zzii.  480 ;  Inter- 
medium of  Balamoptera  horealis, 
zxiz.  167  ;  of  BalamopteramusetUus, 
zxix.  156  U  aeq, ;  of  Bakenoptera 
roairata,  zziz.  162  et  eeq, ;  of 
Velphinaptenu,  zxx.  148;  of  Meg- 
apteroy  xziz.  166 ;  of  Mystieetus^ 
xzix.  149  it  aeq,,  166 ;  ^  Inter- 
parietal (Cunningham),  zxii. 
p.  xviii;  leohia  of  Sirenomelian 
Monster,  xxz.  607 ;  in  Symelian 
Monsters,  zzx.  171  ;  Lachrymal, 
Defioiency  of,  zxiv.  849 ;  Disposi- 
tion of  Periosteum  on  Outer  Side 
of,  zziy.  860;  Ossicles  of,  zziv. 
851 ;  Rudimentary,  xxiv.  849 ; 
Variations  in  Outline  of,  zxiv.  860 ; 
Varieties  of  Crista  Laohrymalis  and 
of  Hamulus,  zziv.  860  ;  Vascular 
Relations  of,  zziv.  860 ;  of  Man, 
Varieties  of  (Thomson),  zziv.  849- 
867 ;  of  Braehyrham^hue  and 
Synthliborhamphua,  zziii.  401 ; 
of  CepphuSf  zziii.  415 ;  of  Chionis, 
xzv.  611 ;  of  Fratereuli'nce,  zxiv. 
92 ;  of  Gulls  and  Jaegers,  zziv. 
546 ;  of  leteridas  and  Cbrvitto,  zzii. 
312  et  eeq, ;  of  Porzana  ca/rolina, 
zziz.  26 ;  of  Razor-bill,  zziii.  7 ; 
of  Byruhope^  zzv.  69;  of  Simor- 
hynehius  pusUlus,  zziii.  642;  of 
UrinatoridcB,  zziv.  176;  of  Una 
and  Alea,  zziii.  167 ;  Laohrymc- 
ethmoid  Suture  of  Ocrilla  eavagei, 
zziz.  846;  Lamina  of  Megaptera, 
zzii.  629;  Lumbar  Vertebra,  zzv. 
628 ;  of  CercopUhema,  zziv.  119 ; 
of  GariUa,  zziv.  44;  of  MegapUra 
longimana,  zziL  448;  Magnum 
of  BttkenopUra  muaeulua,  zziz. 
165 ;  of  Horse,  zxviii.  240 ;  Malar 
of  Megapiera,  xxiii.  319 ;  Division 
of,  in  OoriUa  aa/vagei,  xxix.  843; 
Malleus  of  Charadni,  xxix.  Ill ; 
of  OobUiniy  xxix.  Ill ;  of  Oyprifuridei, 
xxix.  Ill ;  of  Oymnotim,  xxix.  Ill ; 
Malleus  of  SUuroidce,  xxix.  110 ; 
MjBOidihle  of  Braekyrhamphua,  xxiiL 
405 ;  of  0^9phua,  xxiii  418 ;  ol 
CfhMnia,  eta,  zzv.  510,  512;  of 
Oydorrkynekua,     xxiii.     557 ;     of 


FraterculincB,  xxiv.  91,  110 ;  in 
Gulls  and  Jaegers,  xxiv.  662;  of 
letmdce  and  C7orvu2cE,  zxii  818  et 
aeq, ;  of  Xoriete  and  Bynchopay  xxv. 
72 ;  of  Megaptera,  xxiii  861 ;  of 
Porzana  tioroZtna,  xxix.  26 ;  of 
Razor-bill,  xxiii.  18,  86 ;  of  Red- 
throated  Diver,  xxiv.  177 ;  of 
Simorhynchua  pusiUua,  xxiii  647  ; 
of  Una,  xxiii.  170 ;  Mandibular 
Sesamoid  of  IcUridof  and  CarvidcB, 
XTJi.  818 ;  Manubrium  Stemi, 
Elongated,  xxvii.  p.  xxiii ;  of  Higher 
Primates,  Variation  in  (Keith),  xxx. 
276-279  ;  of  leteridas  and  Corvidee, 
xxii  886  ;  Manus  of  Colymbua,  xxiv. 
172  ;  of  Icteridce  and  Corvidae,  xxii. 
842  ;  of  Puffins,  xxiv.  106;  Maxills, 
Duplicity  of,  xxviii.  26  ;  Maxillary 
of  FratercuHnae,  xxiv.  98  ;  of  Meg- 
aptera,  xxiii  827 ;  Maxillo-palatines 
of  Aramua  gigantetia,  xxix.  81 ;  of 
Cepphfua,  xxiii.  417 ;  of  Chionia 
minor,  xzv.  511 ;  of  FraterciUitioe, 
xxiv.  98,  96  ;  of  Gulls  and  Jaegers, 
xxiv.  649  ;  of  leteridce  and  Oorvidoi, 
xxii  818  et  aeq, ;  of  Laridai,  xxv. 
78 ;  of  Murrelets,  xxiii  404 ;  of 
Porzana  Carolina,  xxix.  27 ;  of 
Razor-bill,  xxiu.  10,  84  ;  of  Red- 
throated  Diver,  xxiv.  177 ;  of 
Simorhynehua  pttaiUua,  xxiii.  642, 
547 ;  of  Skimmer,  xxv.  71,  78 ;  of 
Uria,  xxiii  170;  Mesethmoid  of 
Chionia,  xxv.  611 ;  of  Megaptera, 
xxiii  826  ;  Mesognathion,  xxii  480  ; 
Metacarpal,  Third,  Separation  of 
Os  Styloideum  of,  xzvii.  p.  xxxvii; 
Lengtii  o(  in  Horse,  Ass,  Zebra, 
Hipparion,  Meaohippita,  Hyraco- 
ihervwm,  and  PhenacodMa,  xxviii 
867  ;  Metacarpals  and  Metatarsals  of 
Horse,  Development  of,  xxviii  58 ; 
Rudimentary,  of  Domestic  Rumi- 
nants (Mettam),  xxix.  244-258 ;  of 
BcUcenoptera  muaeulua,  xxix.  178 ; 
of  Divers,  xxiv.  182 ;  of  Horse, 
xxviii.  288  ;  of  Loons,  xxiv.  186  ;  of 
Myatieetua,  xxix.  149  ei  aeq,  178 ; 
Metacromion,  xxvii  246  ;  Metasty- 
loid  Bone,  xxix.  468  ;  Metatarsals 
of  Symelian   Monster,   xxx.    171 ; 
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Middle  Turbinate,  xxviii  75; 
Nasal,  Absence  o(  xadx.  468;  of 
Braehyrhampkus  and  Synthlibor- 
hamphus,  zxiiL  401 ;  of  Qnlls  and 
Jaegers,  xxiy.  546  ;  of  Lunda,  zriv. 
98 ;  of  MegajOera,  xxiii.  821 ;  of 
Razor-bill,  xxiii.  10,  84  ;  of  Ryn- 
chopsy  XXV.  69;  Kasal  Spine,  An- 
terior, of  OoriUa  Mvagei,  xxix.  848  ; 
Os  Navicnlare  Bipartitum,  xxix.  468  ; 
Occipital,  Division  oft  in  Gorilla 
savagei,  xxix.  843;  with  a  Facet 
for  Odontoid  Process,  zxrv.  p.  xix  ; 
of  Megaptera  Umgimana,  xxiii.  811 ; 
and  Atlas,  Fusion  ot,  zxx.  p.  xvii ; 
Condyle  of  Porzana  Carolina,  xxix. 
27;  Odontoid  and  Axis  distinct 
(Turner),  xxiv.  858, 859  ;  Olecranon 
(Cartilaginous)  of  MegapUra,  xxii. 
251 ;  Omostemum,  xxvii.  284 ; 
Orbit  of  Megapi&ra,  xxiii.  819; 
Palatine  of  FratereuliruBt  xxiv.  96  ; 
of  leUridoB  and  Coroida,  xxii.  812 ; 
of  Megaptera,  xxiii.  818 ;  of  Murre- 
lets,  xxiii.  405  ;  of  Porzana  Carolina, 
xxix.  27  ;  of  Razor-bill,  xxiii.  10, 
34 ;  of  Red-throated  Diver,  xxiv. 
177 ;  of  Sheathbill,  xxv.  511 ;  Pala- 
tine  Spine,  Posterior,  of  Ghrilla 
aamgei,  xxix.  844;  Parastyloid 
Bone,  xxix.  468;  Parietal,  Con- 
genital and  Synunetrical  Perfora- 
tion of  (Greig),  xxvi.  187-191 ; 
Divided,  xxv.  478,  474;  xxvii. 
pp.  xii,  xxi;  Synunetrical  De- 
pressions on  Exterior  Surfiice  of 
(Shepherd),  xxvii.  501-504;  of 
Megaptera,  xxiiL  816;  PanKScipital 
of  Teleostei,  xxix.  118 ;  Pars  Plana 
of  Ideridas  and  Corvidce,  xxii.  812 
eiseq.  ;  Patella  Absent  in  C%u)7»i9  and 
JlcmuUopus,  xxv.  522 ;  Absence  of, 
in  Razor-bill,  xxiii.  81 ;  Calcareous 
Body  removed  from  Bursa  over  Pat- 
ella (Buchanan),  xxviiL  445,  446; 
in  case  of  Congenitally  Absent  Tibia, 
xxiiL  608 ;  of  Cepphus,  xxiii.  425  ; 
of  Gulls  and  Jaegers,  xxv.  66 ;  of 
Icterida  and  Cormdce,  xxii.  844  ;  of 
Murrelets,  xxiii.  410;  of  Red-throated 
Diver,  xxiv.  184  ;  of  Sirenomelian, 
XXX.  507  ;  ofSymelian  Monster,  xxv. 


304  ;  xxz.  171 ;  of  Uria,  xxiii.  182; 


Pectoialliimb-girdle  of  B^idma, 
866  ;  of  Lepu8,  xxi.  365  ;  of  Mamr 
malia,  xxi  865 ;  of  OmUhorhffnAnu, 
xxi.  865  ;  Pedicle  of  if^s^jifera,  xxu. 
630 ;  Os  Pedis  of  Horse,  xxviii  342; 
Pelvic  Bone  of  Bakmopiera  mus- 
cuius,    xxvii.    298,    294,    321;    of 
Cetacfia,  Relation  of  Genital  Oigaofl 
to,  xxvu.  301 ;  of  Rasso's  Dolphin, 
xxvi.  267 ;  Comparison  of,  in  Fin- 
whales  and  MystieetUB,  xxvii  323 ; 
Pelvic-gudle  of  Anqihibia,  xxi.  366 ; 
(^Aves,  xxi  366  ;  of  OroeodiUa,  xxi 
366;  of  Lacertibia,    xxi    866;  of 
Mammalia,  xxi.  366  ;  xxvii.  550 ; 
of  Omithodelpha,  xxi  866  ;  of  ibp- 
tilia,  xxi  366  ;  of  Urodela,  xxi.  866 ; 
Pelvis  Justo-major,  xxiv.  489;  in 
Acromegaly,  xxiv.  488 ;  of  Cepphm, 
xxiii  421 ;  of  CMonia  nwMT^  xxv. 
518  ;  of  IcUridce  and  Oorvida,  xxii 
880  ;  of  Loons,  xxiv.  186  ;  of  ifaw- 
malia,    with   especial  reference  to 
Young  of  Omitharhynehus  anatinus 
(Howes),  xxvii.  548-556,  p.  xxxviii ; 
of  Megaptera,   xxii.   272 ;  of  Mon- 
strous Foetus,  XXX.  244  ;  of  Murre- 
lets,  xxui.   406 ;   of  N.    American 
Alcida,  XXIV.  Ill ;  of  PWti^w^ 
xxiv.  178 ;   of  Puffins,  xxiv.  100 ; 
of  Razor-bUl,  xxiii   18 ;  of  Simar- 
hynchus  puklhu,    xxiii    550;    of 
Uria,    xxui     175;    of    Urivaior, 
xxiv.    179 ;    and   Spinal    Column, 
Changes  in,  due  to  Difference  in 
Length  of  Legs,  xxi.  601 ;  Periotie 
of  Megaptera,  xxiii  860 ;  Phalanges 
of  Balamqptera  nvuseulus,  xxix.  178 ; 
of  Cyclorrhynchus,  xxiii.  658;  of 
Divers,    xxiv.    182;  of  Gulls  and 
Jaegers,   xxv.    64,    68;   of  Hoise, 
xxviu.   51,   248;    of  Loons,  xxiv. 
185  ;  of  jifystieeltu,  xxix.   173 ;  of 
Sheathbill  and  Oyster-catcher,  xxv. 
521 ;  of  Simorhyfufvuapugillue,  xxiii 
554 ;    Length   o(  in   Horse,  Ass, 
Zebra,  ff^aparion,  Me9ohippu8,ffyra- 
coiherivm,  and  PhauKodns,  xxviii 
367  ;  and  Nodes  of  Megaplmu^  xxii 
265;  Phalanx.  Additional,  in  Human 
Pollex   (Windle),    xxvi.    100-116; 
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Pisiform,  Ligaments  o(  zzWii.  162 ; 
of  BakoMpUra  borealia,  xxiz.  167, 
162 ;  ofBaianopUra  ifUMcuZiic,  xxiz. 
165  et  9eq. ;  of  BcUtenqpUra  roaireUa, 
xzix.  162  et  uq. ;  of  Delphinapterus, 
xzx.  148  ;  of  Megaptera,  xzix.  165 ; 
oiMystieebuSy  xzix.  149  ei acq.,  166 ; 
Pollex  of  C^pphuSt  xxiii.  424 ;  of 
Munelets,  xxiii.  410 ;  of  Razor-bill, 
zxiiL  28 ;  Post-canine  Teeth  of  Qor- 
ilia  savoffeif  xxix.   848 ;    Post-da- 
vicular  in  Baiistee,  xxiz.  189 ;  Post- 
temporal  of  SUuroidcB,  zziz.   118; 
Post-temporal   Plates  of  MaoroneSf 
zziz.  114 ;  Pr»palatines  of  Aramua 
giffarUeus,  zziz.  81 ;  of  Orus  ameri- 
cana,   zziz.    81 ;   of  Balhu  longi- 
roetrU,    xxix.    81 ;   Prse-trapezinm, 
xxix.  468;   Pre-coraooid  of  Mono- 
tremata,  xxyI  408  ;  PrehaUnx,  xxiili 
245 ;     Premaxillary    of  MeffapUra, 
xxiiL  827,  880 ;  of  Razor-bill,  xxiii. 
9 ;  Pre-pterygoid  Ridge  of  QcrUla 
savoffH,  xxix.  844;  Pro-carpals  of 
Delphinapterus,  zzz.  148 ;  Pterion, 
xziv.  856 ;  in  Ptiigab  Skulls,  zzWi. 
9  ;   in  QoriUa  aavag&i,  zziz.  845 ; 
Pterotio,    zzvi.    88 ;   Pterygoid   of 
Aramue  gigantetu,    zziz.    81 ;    of 
FraUreuHncB,    zziv.    96;    of  Grtu 
ameriecma,  zziz.  81 ;  in  OnUs  and 
Jaegers,  zziy.  651 ;  of  IderidcB  and 
CfortrieUB,  zziL  812  et  $eq, ;  of  Loons, 
zziy.  186  ;  of  Megaptera,  zziii.  818 ; 
of  Mnrelets,  zziii  405 ;  of  Porzema 
Carolina,  zziz.  27  ;  of  BaUue  longi- 
Toetria,  zziz.  81 ;  of  Razor-bill,  zziii. 
11,  85 ;  of  Red-throated  Diver,  zziv. 
177  ;  Pterygoid  Fossa,  Eztemal,  of 
OoriUa  aavagei,  zziz.  844;  Ptery- 
goid  Plates,   Eztemal,   of  OoriUa 
aantageif  zziz.  844 ;  Pterygo-spinous 
Foramen  of  OoriUa  eavagei,   zziz. 
848;     Pubis    of    OrnUhorhyruhus, 
zzvii  551 ;  in  Symelian  Monster, 
zzz.  171 ;  Quadrate  of  Centroeercua, 
zziy.  94  ;  of  Oepphus,  zziii.  416 ;  of 
Gulls  and  Jaegers,   zziy.  547;   of 
icforuto  and  Coroida,  zzii.  812;  of 
Hurrelets,  zziiL  408;  of  Porzana 
Carolina,  zziz.  27;   of  Razor-bill, 
zziii.  9 ;  of  Urinatoridcft  zziy.  175  ; 


Radiale  of  BaimMpUra  boreaUSf  zziz. 
157 ; .  of  Balesnopiera  mtueuku,  zziz. 
155  et  seq, ;  of  Balamcptera  roabrata, 
zziz.  168 ;  of  Jklphinapterua,  zzz. 
148;  of  Megaptera,  xxix.   165;  of 
Myatioebm,  xxix.  149  et  aeq,,  165  ; 
Radius,      Bilateral      absence     of, 
xxyiiL  411 ;  Length  of,  in  Horse, 
Ass,  Zebra,  Sipparion,  Meaohippua, 
ffyraeotheriiim,    and     Phenacodua, 
zzyiii.  867 ;  in  Acromegaly,  zziy. 
487  ;  of  BaUenoptaramuoeuhta,  zziz. 
155  et  aeq.,  171 ;  Radius  of  Oapphua, 
zziii.  424  ;  of  Colymbua,  zziy.  172 ; 
of  Diyers,  zziy.  182 ;  of  Gulls  and 
Jaegers,  zzy.  62 ;  of  Horse,  zzyiii. 
288 ;  of  Ideridx  and  Conridx,  zzii. 
841 ;   of  liegaptera,  zzii.  249  ;   of 
Myaticetua,  zziz.  151,  171 ;  of  Mur- 
lelets,  zziii  409 ;  of  Puffins,  zziy. 
106 ;  of  Razor-biU,   zziii.   27,   86 ; 
of  Vria,  zziii  180 ;  of  Simorhynehua 
puaiUua,  zziii  552 ;  Ramal  yacnity 
in  Blackbird  and  Oriole,  zzii  816  ; 
Rib,  Abnormal,  in  Hyatrix  criatata 
(Parsons),  xxvii.  p.  ziii ;  Almormal 
Last,  in  Ddphinapterua,  zzz.  145 ; 
Eighth  True,  in  Man,  zziy.   127- 
129;     Free    Lumbar,     in    Rabbit 
(Howes),    zzvi.     pp.     ii-y;     and 
Costal     Cartilage,    Bifurcation    of 
(Bodes),  XZYIIL  p.  iz;  Ribs,  Ab- 
sence <^,  zzyiii.  876 ;   Additional, 
zzyiii.  81 ;  Ceryical,  in  Female  Sub- 
ject (Rdd),  xziv.  p.  iu ;  Eight  True, 
in  Higher  Apes,  zziy.  129 ;  Lumbar, 
zzy.  582 ;  Supernumerary,  zzyiii 
875;   Variations   of,  zzi.  599;   of 
Abnormal    Foetus,    zzz.    242 ;    in 
Acromegaly,  zziy.  486;  of  Aram/ua 
gigantew,  zziz.  81 ;  of  N.  Ameri- 
can AlcidcB,  zziy.  Ill ;  of  C^9]^wa, 
zziii  420  ;  of  Colymbua,  zziy.  171 ; 
Supernumerary,  in    Gorilla,  zzyii 
138 ;  of  Orua  americana,  zziz.  81 ; 
of  Gulls  and  Jaegers,   zziy.  656 ; 
Ceryical,  of  leUridca  and  Cortndas, 
zzii.  826  ;  of  Megaptara  longimana, 
xziii.   148;   of   BaUua  longvroatria, 
zziz.  81 ;  of  Razor-bill,  zziii  17 ;  of 
SimorhyHchua  eriatatellua,  xxiii  555; 
of  Symelian  Monsters,  zzz.  170  ;  of 
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Urinaior,  xziv.  179  ;  Saoral  Aroade 
of  OmiihorJtynchus  anatmus^  xxviL 
544 ;  Ribs  of  Ormthorhynehus  ana- 
Hnusj  xxvii.  544  ;    of  Peba  Anna- 
dillo,  xxyii.  545  ;  Indication  of,  in 
Man,    xxvii.    545 ;    Vertebra,    1st, 
of  Gorilla,  xxiv.  43  ;  Sacrum,  xxv. 
529  et  9eq,\  Asymmetrical,  xxvii. 
p.  xxiii ;  Peculiar  Formation  of,  xxi. 
602 ;  of  Aramus  giganUus,  zxix.  81 ; 
of  Birds,  xxvii.  550 ;  of  CercUoaaurus, 
xxvii.  550  (note) ;   of  JDinoMuria, 
xxviL     550 ;    of    Echidna,    xxvii. 
547  ;  of  Echidnida,  xxvii.  549 ;  of 
Chrus  amerieana,  xxix.  31 ;  of  Pip- 
ing Hare,   xxvii.  549 ;    of  Hedge- 
hog, xxvii  549 ;  of  Hippopotamus, 
xxvii.  545  ;  of  Omithorhynchus  ana- 
tinuSf  xxvii.  548 ;  of  Pichey,  xxviL 
549 ;    of  Jtallus  longirostris,   xxix. 
31 ;  of  New  Zealand  Fur  Seal,  xxvii. 
549  ;  of  Symelian  Monster,  xxv.  206  ; 
of  Tanreo,  xxvii.  549  ;  of  Theropoda, 
xxvii.   550  (note) ;   of  Triceratops, 
xxvii.  550  (note) ;  of  Urinalor^  xxiv. 
179 ;  and  Ooocyx,  Absence  of,  in 
Symelian  Monster,  xxx.  171 ;  Sagit- 
tal Crest  of  Oorilla  savag&i,  xxix. 
348 ;  Scaphium  of  Siluroidcp,  xxix. 
110  ;  Scapula,  Human,  xxiv.  61 ;  in 
Acromegijy,  xxiv.  487 ;  with  Addi- 
tional Acromia,  xxviii.  30  ;  Fibrous 
Band   on    Dorsum    of.    Superficial 
to    Fascia    covering    Infraspinatus 
(Keith),  xxx.  p.  xiv,;  of  Shoe-maker, 
xxli.   616 ;    of  Aramua   ffiganteus, 
xxix.   82;  of  Gepphus,  xxiii.  422; 
of  Red-throated  Diver,  xxiv.   180; 
of    Grebes,    xxiv.    172 ;    of    Orus 
americana,  xxix.  82 ;  of  Gulls  and 
Jaegers,  xxiv.  561 ;  of  leteridce  and 
Corvidoe,  xxii.  336  ;  of  Loons,  xxiv. 
180 ;    of  Afegapteray   xxii.  248 ;    of 
Puffins,  xxiv.  102  ;  of  ItaUus  longi- 
rostris,  xxix.  82  ;  of  Razor-bill,  xxiii. 
21,  85  ;  of  TeleoaUi,  xxix.  113 ;  of 
Uria,    xxiii.    177;    Sella   Turcica, 
Duplicity  of,  xxviii.  29  ;  Semi-lunar 
and  Cuneiform    Bones,   Fusion  of, 
XXVII.  p.  xxii ;  Septum  Narium  of 
leteridoB  and  Corvida,  xxii.  814  ei 
8eq. ;    Sesamoids   of    Simorhynchw 


puHUus,  xxiiL  552 ;  Siphoniim  ot 
CorvidoB,  xxu.  828 ;  SknU  of  S^ 
chops  nigra,  xxv.   68 ;    of  Smof' 
hynchuspusiMus,  xxiii.  54, 541, 554 ; 
of  TeUostei,  xxix.  118 ;  of  Una  and 
Alca,  xxiii  166 ;  £hnall  Trochanter, 
xxiv.  62 ;  Sphenoid  of  Calf,  Tera- 
toma Growing  from  (Windle),  xxiL 
423-484  ;  Contribution  to  Glenoid 
Fossa  in  OoriUa  sa-oagei,  xxix.  848 ; 
Undescribed    Groove    on    (Lucas), 
XXIX.  pp.  ii-iv ;  of  Meffapiera,  xxiii 
817;   Spheno-maxillary    Suture  of 
OcriUa  sawagei,  xxix.  848 ;  Spinous 
Processes  of  Yertebrs  of  MegapUm, 
xxii.   649;   "Splint  Bones,"  xxii. 
244 ;    Squamosal    of    Centroeercus, 
xxiv.  94 ;   Squamous  of   Teleosteit 
xxix.    118;    Stapes    of    Characm, 
xxix.  Ill ;  of  OobUini,  xxix.  HI ; 
of  Cyprinoidei,  xxix.  Ill ;  of  Gym- 
notini,    xxix.    Ill ;    of   Sihuroidx, 
xxix.   110 ;  Stemebrs,   xxiv.  588 ; 
Sternum,     Abnormal    (Bnchanaii), 
xxviii   313,   314;    in  Acromegaly, 
xxiv.    486  ;    Bifid,    xxv.    810 ;  as 
Index   of  Sex,    Height,    and  i^ 
(Dwight),  xxiv.  527-^85  ;  Irregular 
Union  of  First  and  Second  Pieces  of, 
in  Man  and  Apes  (Dwight),  xxi?. 
586-542  ;  Ossification  of,  xxiv.  532 ; 
Relation  of  Length  to  Height  of, 
xxiv.    529 ;    of  Shoe-maker,    xxii 
615  ;  of  N.  American  AlcidtR,  xxir. 
Ill ;  of  Aramus  gi^xmUus,  xxix.  82 ; 
of  Aratnus  seolopaeeus,  xxix.  29 ;  of 
Gepphvs,  xxiii.  412,  422 ;  of  Chwsit 
alba,  xxv.  517;  of  Chionis  muior, 
xxv.  515 ;  of  Colymbus,  xxiv.  170, 
171 ;  of  Oras  amsricana,  xxix.  82 ; 
of  Gulls  and  Jaegers,  xxiv.  561; 
of  Loons,  xxiv.  180 ;  of  Megcgiisra 
longimana,  xxiii  154  ;  in  Monkeys, 
xxiv.  587  ;  of  Murres,  xxiii  178 ; 
of  Porzana  earoliwi,   xxix.  27;  of 
Puffins,   xxiv.   98,    108 ;   of  JMw 
longirostris,  xxix.  82  ;  of  Razor-bil], 
xxiii  22,  85  ;  of  PodUymbus,  xxiv. 
170,173;  of  SimorkynchuscristaUUMSj 
xxiii  555 ;  of  Simorhynehus  pusiUii^    , 
xxiii  550 ;  of  Uria,  xxiu.  178 ;  ot 
Greenland  Right*whale  (Struthers), 
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rdx.  698-612 ;  and  Shoulder-girdle 
of  leUridcB  and  CorvidoB,  zxii.  834  ; 
Styloid,  xxYiii.  p.  xz  ;  xxiz.  468  ; 
Condition  of,  as  attached  to  III. 
Metacarpal ;  to  Magnum  ;  to  Trape- 
zoid ;  or  Free,  xxviii.  68 ;  Pro- 
cess of  GfoHlla  aavageif  xxix.  848 ; 
Superior  Mandible  in  N.  American 
AleidcB,  xxiv.  110  ;  of  Brachyrham- 
phtia  and  SyiUhliborhamphuSf  xxiii. 
401 ;  of  CepphuSf  xxiii.  415 ;  of 
Loons,  xxiv.  186  ;  of  Lunda,  xxiv. 
92 ;  of  Razorbill,  xxiiL  84 ;  of 
Simorhynchtis  pusillus,  xxiii.  643; 
Maxilla,  xxiv.  853 ;  Racial  Variation 
in  Length  of  Palate  Process  of  (Eich- 
holz),  xxvi.  538-542,  p.  xxiv;  Super- 
numerary, xxviii.  28 ;  Supersacrum 
of  OmUhorhynehus,  xxvii.  650 ; 
Supra-occipital  of  Megaptera,  xxiii. 
312 ;  Supraorbital  Border  of  Ara^ 
mus  giganleus,  -Orus  amerieana,  and 
RcUluB  Umgirostris,  xxix.  31  ;  Supra- 
scapula  of  Loricariini,  xxix.  624  ; 
of  SilnroidcB,  xxix.  113;  of  Teleosteiy 
xxix.  113 ;  Suprasternal  Bones  in 
Man  (Carwardine),  xxviL  232-284, 
p.  xyiii ;  Suspensorium  of  ChaToeinif 
xxix.  Ill ;  of  Cobitinif  xxix.  Ill ; 
of  Cytrritioideif  xxix.  Ill ;  of  Oym- 
notini,  xxix.  Ill ;  Tarso- metatarsus 
of  CepphuSy  xxiii.  426  ;  of  Colymbus, 
xxiv.  173  ;  of  Corvidce  and  Icteridce, 
xxii.  344 ;  of  Cydorrhynchtu,  xxiii. 
558 ;  of  OoUlus  domesticus,  xxiii. 
242 ;  of  Gulls  and  Jaegers,  xxv. 
67 ;  of  Loons,  xxiv.  184,  186 ;  of 
Murrelets,  xxiii.  410  ;  of  Porzana 
Carolina^  xxix.  29  ;  of  Puffins,  xxiv. 
108  ;  in  Razor-bill,  xxiii.  32,  36  ;  of 
Simorhynchus  pimlliu,  xxiii.  553  ; 
of  Uria,  xxiii.  183 ;  Tarsus  in  case 
of  Congenitally  Absent  Tibia,  xxiii. 
604  ;  of  Frogs  and  Toads,  xxiv.  420  ; 
of  Symelian  Monster,  xxv.  206 ; 
Temporal,  Observations  on,  chiefly 
in  Childhood  (Clarke),  xxvii.  411- 
414,  p.  xxxiv  ;  Temporal,  with  Non- 
union of  Squamous  and  Petro-mastoid 
Portions,  xxiii.  pp.  ii-v ;  Tooth  in 
Petrous  Portion  of,  xxviii.  33  ;  of 
Megaptera^  xxiii.  313,  816 ;  of  Tele- 


ostein  xxix.  113;  Third  Trochanter 
in  Man,  xxx.  502 ;  Significance  of 
(Dwight),  xxiv.  61-68 ;  Tibia,  Ab- 
sence of,  xxviL  422 ;  in  Acrome- 
galy, xxiv.  489;  Articular  Surface 
of,  xxix.  674 ;  Congenitally  Absent 
(M'Laren),  xxiii  598-605  ;  Connec- 
tion of  Popliteus  Tendon  with, 
xxix.  670 ;  Influence  of  Posture  on 
Articular  Surfaces  of,  xxiv.  210 ; 
Influence  of  Posture  on  Form  of, 
xxiii.  616-639,  p.  xxv  ;  Obliquity  of, 
xxviiL  3 ;  of  Panjabi,  xxviii.  277 ; 
of  Symelian  Monster,  xxv.  203  e& 
seq,  ;  of  Cepphus,  xxiii.  425 ;  of 
Gorilla,  xxviii.  4 ;  of  Gulls  and 
Jaegers,  xxv.  66 ;  of  Loons,  xxiv. 
184 ;  of  Murrelets,  xxiii.  410 ;  of 
Puffins,  xxiv.  107 ;  in  Razor-bill, 
xxiii.  31,  86 ;  of  SinwrkyncJius 
pxisUlus,  xxiii.  563 ;  and  Femur, 
Geniculate  Articular  Surfaces  of 
(Higgins),  xxx.  292-295  ;  of  Sireno- 
melian,  xxx.  607 ;  of  Symelian 
Monster,  xxx.  171 ;  Tibio-tarsus  of 
Chianis  and  Hcematopas^  xxv.  522  ; 
of  Red-throated  Diver,  xxiv.  184  ; 
of  IcUrida  and  CarvidoB,  xxii.  344  ; 
of  Loons,  xxiv.  183  ;  of  Porzana 
Carolina^  xxix.  29 ;  of  Uriay  xxiii. 
182 ;  Transverse  Processes,  Dorsal, 
Asymmetry  ofi  xxi,  598 ;  of  Verte^ 
bra  of  Megaptera^  xxii.  639  ;  Trape- 
zoid of  Balamoptera  borealis,  xxix. 
162 ;  of  Horse,  xxviii.  240  ;  Trape* 
zoides  Secundarium,  xxix.  468 ; 
Tripus  of  Siluroidse,  xxix.  110 ; 
Triquetrum  Bipartitum,  xxix.  468  ; 
Tuber  Maxillare  of  Gorilla  aavageiy 
xxix.  344  ;  Turbinal  Bone  of  Sinwr- 
hynchus pusilliLSy  xxiii.  645;  Turbin- 
ate of  FraterculincBy  xxiv.  92  ;  Tym- 
panic of  Megaptera^  xxiii.  358 ; 
Ulna  in  Acromegaly,  xxiv.  487 ; 
of  Balcenoptera  borealis^  xxix.  162  ;. 
of  Balc&TwpUra  musculus^  xxix. 
155  et  seq,  ;  of  Ceppkus,  xxiii.  424  ; 
of  ColymhvSf  xxiv.  172 ;  of  Divers, 
xxiv.  182 ;  of  Gulls  and  Jaegors, 
xxv.  62 ;  of  Horse,  xxviii.  238  ;  of 
Icier idoe  and  Corvidcey  xxii.  341  ;  ot 
MegapUra^  xxii.  260 ;  of  Murrelets, 
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xxiii.  409  ;  of  Mydiceius,  xziz.  151 ; 
of  Puffins,  zxiT.  106  ;  of  Razor-bill, 
zxilL  27>  86 ;  of  Simorhynchus 
pusiUtUf  xxiii.  652  -,  of  Uria,  xxiii. 
180 ;  UlniB,  Congenital  Absence  of 
(Pringle),  xxvii.  239-244;  Ulnar 
Sesamoid  of  Puffins,  xxiv.  106 ; 
Ulnare  of  BalcmopUra  hoi'ealis, 
xxix.  157,  162 ;  of  Salcmoptera 
muaetUtts,  xxix.  155  et  aeq,  ;  of 
BalcBnoptera  rwitrataf  xxix.  168 ;  of 
DelphinapUruSy  xxx.  148  ;  of  Me- 
gaptera,  xxix.  165  ;  of  Mystieetus, 
xxix.  149  et  seq.,  166  ;  Unciform  of 
JBalctnoptera  museultu,  xxix.  155  ; 
of  Horse,  xxviii.  240 ;  Appendages 
ofAlcat  xxiiL  17  ;  Uncinate  of  Cari- 
ana^  xxiii.  8  ;  of  Puffins,  xxir.  97  ; 
of  Razor-bill,  xxiii.  34 ;  of  27rta, 
xxiii.  167  ;  Vertebra,  Second  Cer- 
vical, Development  and  Varieties 
of  (Macalister),  xxviii.  257-268 ; 
Ecchondrosis  of,  xxviii.  871 ;  Lum- 
bar, with  Persistence  of  Suture 
between  Articular  Processes  (Reid), 
zxiy.  p.  iii ;  5th  Lumbar,  Varia- 
tions in,  xxix.  35,  43  et  fieq.  ;  1st 
Sacral,  Variations  in,  xxix.  35,  43 
et  seq.  ;  Sup})re8sed  (Dwight),  xxi. 
539-550 ;  Vertebrae,  xxv.  528 ;  Addi- 
tional, xxviii.  31 ;  of  Anencephalous 
Fcetus,  xxx.  242 ;  Cervical,  Anoma- 
lous, xxv.  p.  X  ;  Fracture  of  Cervical, 
xxiY.  p.  ix  ;  13  Dorsal,  xxviii.  376  ; 
case  with  6  Lumbar,  zxrv.  p.  i ; 
Lumbar,  of  Sjmelian  Monster,  xxv. 
207 ;  of  Symeliau  Monsters,  xxx. 
170  ;  Synostosis  of,  xxv.  p.  iv ;  of 
N.  American  Alcidce,  xxiv.  Ill ;  of 
Aramus  gigajUeus^  xxix.  81 ;  of 
Baboon,  xxiv.  120,  121 ;  of  BaUe- 
nqptera  musctUus  and  froreaYf,  xxii. 
449  et  seq.  ;  of  Cepphus^  xxiii.  419  ; 
of  Chimpanzee,  xxiv.  44  et  seq,  ;  and 
Ribs  of  Chionia  minoTf  xxv.  613  ; 
of  Colymbus,  xxiv.  170 ;  of  Dog, 
xxiv.  121 ;  Cervical,  of  Fin-whales, 
xxiii.  124  (note) ;  of  Gibbon,  xxiv. 
46  et  seq.  ;  of  Gorilla,  xxiv.  43,  120  ; 
Articular  Processes  of,  in  GoriUa, 
compared  with  those  in  Man 
(Struthers),  xxvii.  131-138  ;  of  Orus 


ojnerkanaf  xxix.  81 ;  of  Gulls  and 
Jaegers,    xxir.    556 ;    Caudal,    of 
Ictendoi  and    Corvidce,    xxii    3S8; 
Cervical,  of  Icteridce  and   Cormda, 
xxiu  826  et  seq.  ;  of  Macaque,  xxir. 
120 ;  of  MegapUra  lonffimaiia,  xxiL 
441  et  seq,  ;  Cervical,  of  Mega^era 
longimana,  xxiii.  124  eC  seq.  ;  Cervi- 
cal,  Five   Posteriotr,    of   MegaipU^ 
longimana,  xxiii.  133  ;  of  Murrelets, 
xxUi.  406  ;  of  Orang.  xxiv.  4ft,  120 ; 
of    Ostariopkysete,    xxix.     110 ;    of 
Pkysostomi,  xxix.  110 ;  of  Fodibfm- 
bus,  xxiv.  173  ;  of  Puffins,  xxiv.  98 ; 
of  Ballus  loTigirostriSy  xxix.  31 ;  of 
Razor-bill,  xxiii.  15,  35  ;  Coccygeal, 
of  Razor-bill,   xxiu.  19  ;    of  Simo- 
rhynckus  eristatellus,  xxiii.  655 ;  of 
Simorhynehus  pusillns,  xxiii.   649  ; 
of  Uria,  xxiii.   171  ;  Coccygeal,  of 
Uria,  xxiii.  175  ;  of  UrimUor  lumme, 
xxiv.    178 ;    Vertebral   Formula  of 
Proeekidna     hru^fnii,     xxvii.     648 
(note);    Vomer    of    K.     American 
AlcidcB,  xxiv.  Ill ;  of  Aramus  giga^- 
tens,   xxix.   81  ;    of  Caiman  niger^ 
XXX.  428  ;  of  Cepphvs,  xxiii.  417 ; 
of  Red-throated  Diver,  xxiv.   177; 
in  Burgomaster  Gull,  xxiv.  550;  of 
FrateretUinoe,  xxiv.  96  ;  of  Iderida 
and  Corvidce,  xxiL  813  ;  of  Larida 
and  JtyrwJiops,  xxv.  78  ;  of  Utgap- 
tera,  xxiii.  827  ;  of  Murrelets,  xxiii. 
404;  of  Fodilymhus,  xxiv.   178;  of 
Porzana  Carolina,  xxix.  27 ;  of  Razor- 
bill, xxia  10, 84;  of  Sheathbill,  xxv. 
511 ;  of  Simorhynehus  pusillus,  xxiiL 
642 ;  AVormian,  in  Panjabi  Skulls, 
xxvii.     9 ;     Xiphistemum,     Bifid, 
xxvii.  234. 

Bony  Processes,  Significance  of,  in 
Man  (Dwight),  xxiv.  61-68.  ' 

Books,  Notices  of.    See  Notices. 

Bowlby,  A.  A.,  Injuries  and  Diseases 
of  Nerves,  xxiv.  472-474. 

Bow^les,  Dr  R.  L.,  Mammalian  Pharynx 
with  Especial  Reference  to  the 
Epiglottis,  xxiii.  606-^16,  p. 
xix. 

Lung  with  Four  Lobes,  xxvni. 

p.  ii. 

Boyce,  R.,  Text-book  of  Morbid  His- 
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tology  fot  Students  and  Practitioners 
(Notice),  xxvi.  575. 

Boyd,  Stanley,  Divided  Internal  Cunei- 
form, XXV,  p.  yii ;  ease  of  Left 
Superior  Vena  Cava,  without  Trans- 
position of  Viscera,  xxyii.  pp.  xx, 
xxxviii ;  Right  Parietal  Bone,  with 
Horizontal  Suture  in  it,  xxvii.  p. 
xxi. 

Brachial  Plexus  of  Mammals,  xxi.  612 
et  seq.  ;  xxi.  612. 

Brachycephalic  Racee,  xxi.  475. 

Brachykerkic  Races,  xxi.  481. 

Brachyknemic  Races,  xxi.  481. 

Sraehyramphus,  xxiii.  5,  400  et  seq. 
Osteology  of,  xxiv.  Ill  ;  craveri^ 
xxiii.  5  ;  hypoleucus,  xxiii.  5  ;  kitt' 
litziiy  xxiii.  5  ;  marmoratus,  xxiii.  6, 
407  et  aeq,  ;  Osteology  of,  xxiv.  110 
etseq, 

Brachywrus  rubicunduSt  Muscles  of, 
xxii.  545. 

Bradypus  dndaetyVas,  Brain  of,  xxv. 
120  (note) ;  novemcineitUf  Brain  of, 
xxv.  120  (note) ;  tridaetyluSf  Ovarian 
Peritoneal  Pouches  in,  xxi.  172 ; 
Scansorius,  Muscle  in,  xxii.  552. 

Brain,  Action  of  Benzoyl-ecgonin  on, 
xxi.    58 ;   Action   of  Nitrites   and 
Nitroglycerine     on,      xxii.      854 ; 
Arteries  at  Base  of  (Windle),  xxii. 
p.   vii ;  Books  on.  Noticed,  xxvii. 
2Sd-290 ;  in  case  of  Motor  Aphasia 
with  Deafness  (Windle),  xxi.  79-88  ; 
Cerebral  Commissures  of,  in  iSar- 
9upiaMa  and  Mfyivotrenuita  (Syming- 
ton),  xxvii.   69-84 ;  Complete  Fis- 
sures of  (Cunningham),  xxiv.  809- 
845  ;  Convolutions  of  (Turner),  xxv. 
108-153  ;  Development  of  Gyri  and 
Sulci  on  Surface  of  Island  of  Reil 
of  Human  (Cunningham),  xxv.  888- 
848 ;    Experiments    Illustrative   of 
Symptomatology  and  Degeneration 
following   Lesions    of    Cerebellum, 
etc.  (Ferrier  and  Turner)  (Notice), 
xxviii.  882 ;  Furrows  of  (Cunning- 
ham), XXVIII.  p.  ix  ;  Growth  of,  com- 
pared with  Body-growth,  xxix.  286  ; 
Growth  of,   in  Men  and  Monkeys 
(Keith),   xxix.   282-808,   x;  Guide 
tu  Operations  on  (Fraser)  (Notice), 


zxvL  276 ;  lutra-parietal  Sulcus  of 
(Cunningham),  xxiv.  185-155,  p.  xi ; 
Microcephalic    (Thomson),     xxviii. 
419-444;    with    Modified    Fronto- 
parietal Lobe  (Turner),   xxv.  827- 
887 ;  Morphology  of  (Smith),   xxx. 
167-167,     185-205,     450;     Photo- 
graphs of  (Fraser),  xxviii.   p.  vi ; 
Preserving  of  (Struthers),  xxii.  p. 
ix  ;  Projection  Drawings  of  (Wilson), 
xxviii.   228-235 ;  Rolandic  Fissure 
of  (Cunningham),  xxv.  1-23 ;  Sur- 
face Anatomy  of  (Turner),  xxv.  210- 
221  ;  Weight  of,  as  compared  with 
Weight  and  Height  of  Body,  xxvii. 
26  ;  Weight  of,  as  Modified  by  Age, 
xxvii.  22  ;  Weight  of,  as  Modified 
by  Disease,  xxvii.  25  ;  Weight  of, 
to  Stature  and  Mass  of  Body,   in 
Man  (Marshall),  xxvi  445-500  ;  and 
Skull,    Topography   of,   xxiii.   pp. 
xi,  xiii ;  of  Diemydylus  mrideecens 
(Gage)  (Notice),   380,   882 ;  of  late 
George  Grote,   F.R.S.,  with    Com- 
ments and  Observations  on  Human 
Brain     and     its    Parts    Generally 
(Marshall),  xxviL  21-68 ;  of  Micro- 
cephalic  Idiots   (Cunningham   and 
Smith),   XXIX.   p.   ii ;    of  OmiihO' 
rhynehuB  (Smith),  xxx.  465-487 ;  of 
Ornithorhynchu^ paradoxus  (Turner), 
xxvL  357-361,  p.  vii ;  (Turner),  xxx. 
280-282;     of    Primates,     Sylvian 
Fissure    and    Island    of    Reil    in 
(Cunningham),    xxv.    286-291;    of 
Rodents,    Insectivores,  and    Carni- 
vores, Homoplasty  of  (Mann),  xxx. 
1-85. 

Branchial  Fistulse,  xxv.  436 ;  Cysts, 
Diverticula,  and  Supernumerary 
Auricles  (Sutton),  xxi.  289-298. 

Breast,  Adenoma  of,  in  Childhood 
(Patteson),  xxvi.  509-515. 

Breasts,  Anomalies  of,  xxvi.  437. 

Brindled  Gnu,  Nervus  Bigeminus  in, 
xxiii  292. 

Broca,  Congenital  Tumour  of  Mouth, 
xxviii.  374  ;  Memolres  sur  le  Cerveau 
de  I'Homme  et  des  Primates,  xxii. 
498. 

Broca's  Fissure,  xxv.  215. 

Brodie,    C.   Gordon,    Abnormality  of 
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Aortic  Arcli,  xziii.  p,  vii ;  Liga- 
ments about  Shoulder,  xxiii.  p. 
xxi ;  Note  on  Transverse-humeral, 
Coraco-acromial,  and  Coraco-humeral 
Ligaments,  etc. ,  zxiv.  247-252  ;  Dis- 
sections Illustrated  (Notice),  xxvii. 
565 ;  Misplaced  Kidney,  with  Ab- 
normal Arterial  Supply,  xxvii.  p. 
xxxiii. 
Brodie,    Dr   T.    G.,   Extensibility  of 

Muscle,  xxix.  367-389. 
Bromide  of  Potassium,  xxvi.  383. 
Bronchus,  Arrangement  of  Branches  of 

Right,  xxviii.  70. 
Bronzed  Blackbirds,  xxii.  309. 
Brooks,   Dr  H.  St  J.,   Variations  in 
Nerve-supply  of  Lumbrical  Muscles 
in  Hand  and  Foot,  with  some  Obser- 
vations on  Innervation  of  Perforat- 
ing Flexors,    xxi.    575-585 ;    Short 
Muscles    of  Pollex  and  Hallux    of 
Anthropoid     Apes,     with     Special 
Reference    to    Opponens    Hallucis, 
xxii.  78-95,  p.  ii ;  Models  of  Topo- 
graphical   Anatomy    of    Abdomen, 
XXIV.   p.   vii ;  Extensor  Muscles  of 
Limbs,  XXV.  p.  xix. 
Broom,  R. ,  Organ  of  Jacobson  in  Mono- 

tremata,  xxx.  70-80. 
Brown,  M.,  Construction  of  Ventricles 
in  Mammalian  Heart,    xxiii.    250- 
255 ;    Variations    in    Position    and 
Development    of    Kidneys,    xxviii. 
194-208. 
Bruce,   Dr   A.,    Illustrations   of  the 
Nerve  Tracts  in  the  Mid  and  Hind 
Brain,     and    the    Cranial    Nerves 
arising   therefrom   (Notice),   xxvii. 
286. 
Bruere,  Dr  M.  A.  A.,  Direct  Action  of 
Hydrogen  Sulphide,  Hydrogen  Sel- 
anide,   and   Hydrogen  Telluride  on 
Haemoglobin,  xxvi.  62-75. 
Briinnich's  Guillemot,  xxiii.  413,  544. 
Bryce,  T.  H.,  Description  of  a  Fobtus, 
the  Subject  of  Retroflexioh  of  Xrunk, 
etc.,  xxix.  552. 
Buchanan,  Prof.  A.  M.,  Diverticulum 
(Meckel's)  of  Small  Intestine,  xxvii. 
553-563  ;  Kidneys  Exhibiting  Well- 
marked  Lobulation,  xxvi  I.  p.  vii ; 
Glass  Bottles  for  Preserving  Prepara- 


tions, XXVII.  p.  vii ;  Peroxide  oC 
Hydrogen  for  Cleaning  Bones, 
XXVII.  p.  ix  ;  Abnormal  Stemmm, 
xxviii.  318,  314;  Calcareous  Body 
removed  from  Bursa  over  PateDa, 
xxviii.  445,  446. 

Bucorvus  abysinnicuSy  xxiii.  290. 

Bufalini's  Experiments,  xxi.  285. 

Buller,  A.  H.  R.,  Abnormal  Anterior 
Abdominal  Vein  in  Frog,  xxx.  211- 
214. 

Bulloch,  Dr  W.,  Central  Nervous 
System  of  Anencephalous  Foetus, 
xxix.  276-281. 

Burckhardt,  Dr  R.,  Das  Central- 
nerven-system  von  ProtopUna 
annedens  (Notice),  xxvii.  290. 

Burdon-Sanderson,  Dr  J.,  Translations 
of  Foreign  Memoirs  (Notice),  ixiL 

307. 

Burial  in  Sand  for  Preparation  of  Bones 
(Cleland),  xxv.  p.  xvii. 

Bursa  Patellae,  Calcareous  Body  re- 
moved from,  xxviii.  445,  446. 

Busachi,  Facial  Cleft  in  Child,  xxvii. 
418;  Penis  Adherent  to  Scrotum, 
xxvii.  422. 

Butyric  Acid,  xxi.  424  et  $eq, 

CiBCOCELE,  Congenital,  xxii.  534. 

Caecum,  Abnormalities  around,  xxiv. 
p.  xix ;  FosssB  round,  and  Tosition 
of  Vermiform  Appendix,  with  Special 
Reference  to  Retroperitoneal  Hernia 
(Lockwood  and  RoUeston),  xxvi 
180-148;  Position  of,  xxvii.  272; 
Recurved  Small,  and  Unusuai^y 
Large  Terminal  Vermiform  Appen- 
dix (Fawcett),  xxix.  498-500;  of 
Grey  Seal,  xxx.  491 ;  and  Vermi- 
form Appendix,  xxvii.  561. 

Caffein,  Action  of,  xxi.  51,  54  (Note). 

Cagney,  Dr,  Disposition  of  Vertebral 
Column  in  Hanging  (and  Swinging) 
Postures,  xxiv.  585-591. 

Caiman,  xxix.  410;  Organ  of  Jacob- 
son  in,  xxvii.  153  ;  xxx.  70  ',  Vomer 
of,  xxx.  423  et  seq. 

Cajal,  Dr  S.  R.  y.,  Sur  la  Structure 
de  I'^orce  Cerebrale  de  Quelques 
Mammiferes,  xxvi.  271  ;  Nuevo  Con- 
cepto  de  la  Histologia  de  Los  Centres 
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Nenriosos  (Notice),  xxvii.  665,  566  ; 
XJeber  die  feinere  Struktup  dea  Am- 
monshomea  (Notice),  xxviii.  269, 
270  ;  Neue  Darstellung  vora  Histo- 
logischen  Bau  des  Gentralnerven- 
systems  (Notice),  xxviiL  380. 

CalamocoUBf  xxix.  24. 

CcUamospizay  xxii.  833  et  seq. ;  nielano- 
corys,  xxii.  818  et  seg, 

Calcaneo-cuboid  Ligament,  Superior, 
xxviii.  156. 

Calcaneo-navicular  Ligaments,  xxviii. 
163  ;  XXX.  393. 

Calcar  on  Limbs  of  Frogs,  xxi.  367  ; 
Avis,  xxiv.  333. 

Calcareous  Body  removed  from  Bursa 
over  Patella,  xxviii.  446,  446. 

Calcic  Phosphate,  Comparative  Quan- 
tities of,  in  Whey  and  Milk,  xxix. 
194. 

Calculi,  Renal,  Puce  Iron -pigmented 
(Sharp),  xxviii.  447,  448  ;  Urinary, 
Formation  and  Structure  of  (Hum- 
phry), XXX.  296-811. 

Calculus,  Renal,  Enormous  (Yeoman), 
XXX.  627-629. 

Calf,  Double  Monstrous,  Spinal  Cord 
in,  XXV.  439  ;  Epiglottis  of,  xxiii. 
613 ;  Gustatory  Organs  of,  xxiii. 
206  ;  Malformation  of  Jaw  in,  xxviii. 
28 ;  Polyotia  in,  xxviii.  29 ;  Tera- 
toma of  Sphenoid  of  (Windle),  xxii. 
423-434  ;  Thyroid  of,  xxvii.  161. 

CalliekrouSt  xxix.  112. 

Calliehthys,  xxix.  626 ;  Intestinal 
Tube  in,  xxix.  131 ;  asper,  xxix. 
138,  626  ;  littoralis,  xxix.  626. 

Callithrix,  Brain  of,  xxx.  313. 

CallUriche,  SternebrsB  in,  xxiv.  638. 

Callomystax  gagcUa,  Sound  Production 
in,  xxix.  208  (note). 

Callosal  .Gyrus  and  Hippocampus 
Major,  Relation  of,  to  Limbic  Lobe, 
XXX.  202. 

Calvarium  of  Tumbler  (Reid),  xxiv. 
p.  iv ;  of  Pithecanthropus,  xxix. 
431. 

Camel,  Limb  Plexuses  in,  xxi.  618  et 
seq,  ;  Nerves  of,  xxiii.  288  ;  Sacral 
Plexus  in,  xxiii.  292. 

Camera,  Crossed,  xxi.  24 ;  in  Strabis- 
mus, xxi.  24. 


Campbell,  K.,  Accessory  Segment  in 

Pulmonary  Valve,  xxx.  347,  348. 
Canace  canadensis,  Osteology  of,  xxv. 

619. 
Canal  of  His,  xxvi.  94-99  ;  xxix.  234. 
Canaliculi  Pellucidi,  xxvi.  31. 
Canalis  TJtriculo-saccularis,  xxvi.  38. 
Cancer,  xxi.  265  ;  of  Breast,  xxv.  253, 

318. 
Cancroma,  xxix.  22. 
Cancrum  Oris,  xxv.  487. 
Canidae,   Brains  of,  xxii.    556  ;  xxv. 

127,  131 ;  Elbow  of,  xxx.  369. 
Canis,   Hyoid   of,   xxx.   521   et   seq,  ; 

Larynx  of,  xxiii.  266  ;  Muscles  of, 

xxiv.  77. 
Capillaries,  Termination  of  Nerves  in, 

xxii.  133. 
Capra,  Temperature  of,  xxv.  885. 
Capromys  faumieri,  Mammae  of,  xxv. 

232  et  seq. 
Capsule   of  Hip-joint   of  Catarrhine 

Monkeys,  xxviii.  159  ;  of  Knee-joint, 

True  (Higgins),  xxx.   289-291  ;    of 

Shoulder-joint,  lar^e  Defect  in  (Hep- 
bum),  XXVI.  pp.  viii-x. 
Capuchin  Monkey,  Limb  Plexuses  in, 

xxi.  61S  et  seq.  \  Nerves  of  Hair  of, 

xxvii.  231. 
Caput  Cornu  Posterioris,  xxix.  10. 
Carapusfasciatus,  xxix.  419  (note),  520. 
Carassius  vulgaris,  xxix.  538 ;  Respi- 
ration in,  xxix.  137. 
Carbohydrates,     Action    of    Mastitis 

Bacillus  on,  xxv.  572. 
Carcinomata,    Characters  of  Primary 

and    Secondary    (Waring),    xxviii. 

142-148. 
Carcinu^  moenas,  Liver  of,  xxv.  167  et 

seq. 
Cardiac  Acceleration  from  Stimulation 

of  Sympathetic,    xxi.    18 ;    Death, 

xxL   14 ;    Inhibition,   Reflex,    xxi. 

6  ;  Neurotic  (Jones),  xxiii.  583-586  ; 

Reflexes  in  Chelonians,   in    Snake, 

xxii.  3. 
Cariama,  xxix.  22. 
Oariamidce,  xxix.  25. 
Cariana,  Osteology  of,  xxiii.  8. 
CarinatoBy  xxix.  22. 
earlier,   Dr  E.  W.,   Notes  from  the 

Physiological  Laboratory  of  the  Uni- 
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versity  of  Edinburgh,  zxii.  183, . 
134 ;  Morphological  Changes,  which 
occur  in  Human  Blood,  during  C!o- 
agulation,  xxii  582-592;  Fate  of 
Notochord  and  Development  of  In- 
tervertebral Disc  in  Sheep,  with 
Observations  on  Structure  of  Adult 
Disc  in  these  Animals,  zxiv.  573-584; 
Histology  of  Hedgehog  (Erinaeeus 
europcBus),  zxvii.  85-111,  169-178, 
354-360,  508-518  ;  Minute  Structure 
of  Reticulum  in  Cat's  Spleen,  zziz. 
479-484;  Pancreas  of  Hedgehog  dur- 
ing Hibernation,  zzz.  334-346. 

Camivora,  Absence  of  Pectoralis  Minor 
in,  zziii.  219 ;  Aquatic,  Testes  in, 
zxviiL  209 ;  Brain  of,  zxiv.  153  ; 
zzv.  107  et  seq,  ;  Convolutions  of, 
Comparison  of  those  of  Seals  with 
(Turner),  xzii.  554-581 ;  Digestive 
Tube  of,  zzz.  349 ;  Duodenal  Con- 
tents in,  zzv.  398 ;  Elbow  of,  zzz. 
369  ;  Faeces  of,  zzv.  414  ;  Heart  of, 
zziii.  253 ;  Intra-narial  Larynges 
in,  zziii.  266  ;  Limb  Plezuses  in, 
zxi.  619 ;  Muscles  of,  zziv.  73,  77 
et  seq.  ;  Musculature  of,  zziii.  81, 
195  ;  Olfactory  Organs  of,  zzv.  106  ; 
Organ  of  Jacobson  in,  zzz.  78 ; 
Shoulder-girdle  in,  zzi.  191 ;  Skulls 
of,  zzv.  469. 

RoderUia  and  Insectivora,  Ho- 

moplasty  of  Brain  of  (Mann),  zzz. 
1-35. 

Carpal  Cartilages  of  Baloenoptera  mus' 
eiUus,  zziz.  154 ;  of  BaUxnoptera 
rostrata,  zziz.  162 ;  of  Mysiicettcs, 
zziz.  148 ;  and  Ossifications,  Vari- 
ations of,  in  Fin- whales,  zziz.  168 
et  seq. 

Carpus  of  Baloenoptera  horealis.  Vari- 
ation in,  zziz.  161  ;  of  Balcenoptera 
musetUtiSf  zziz.  159  ;  of  Delphinap- 
terus,  zzz.  147  ;  in  Fin-whales,  zziz. 
154  et  seq, 

CartharidoRf  Osteology  of,  zziii.  178. 

Carthusian  Diver,  zziz.  220,  549. 

Cartilage,  Acetabular,  of  Megaptera^ 
zzii.  273 ;  Arytenoid,  zziii.  257 ; 
Corniculum,  zziii.  257 ;  Cricoid 
and  Thyroid  of  Ifycena,  zziii,  93 ; 
Wrisberg's,  zziii,  257;  First  Cos- 


tal, Eariy  Ossification  of,  issL 
591;  Unnamed  Supemumentiy  Ka^al 
(Downie),  zzvii.  181, 182;  andJoiBts 
of  the  Digits  of  Megaptera,  zxiL  254. 

Cartilaginous  Bodies  in  Joints,  zxiv. 
860. 

Carus's  Theory  of  Descent  of  Testide, 
zzii.  511. 

Carwardine,  T.,  Suprasternal  Bones 
in  Man,  zzvii.  282-234,  p.  zviii. 

Casein,  Resolution  and  BecoagaUtion 
of,  zziz,  195. 


Caseinogen,  Precipitation  o^  zziz.  190; 
Ringer's,  prepared  from  Neutral 
Milk,  zziz.  197 

Cases  for  Mounting  Frozen  Sections 
(Lockwood)  (Title  only),  zzL  682. 

Cast  of  Uterus  of  Macacus  rhdtus,  zzviL 
863  ;  of  Yodttl  Macacus  rhesus^  xxvii. 
362. 

Castor  fiber f  zzv.  114. 

Castration,  Efifects  of,  npon  Proetate, 
zziv.  d2etseq.  ;  Changes  in  Striped 
Muscle  of  Urethra  after,  zzv,  547. 

Casts  of  Brain,  zzvii.  289. 

Cat,  Abcaudal  Fission  in,  zzviL  417  ; 
Action  of  Curarine  on,  zzv.  42  €# 
seq,  ;  Brain  of,  zzii.  556,  561 ;  zziv. 
318  et  seq, ;  zzv.  129  ;  zziz.  297  ; 
zzz.  I  a  seq,  \  Effect  of  Castration 
on  Prostate  of,  zziv.  82,  34 ;  Coty- 
loid Bone  in  Pelvis  of  (Sntton), 
Z7I3C  pp.  zzvii-zzviii ;  Elbow  of, 
zzz.  369  et  seq.  ;  Qustatory  Organs 
of,  zziiL  205  ;  Hajir-nerves  of,  zzvii. 
228 ;  Lateral  Cutaneous  Nerve  of, 
zzii.  297 ;  Limb  Plezuses  in,  zxi. 
618  ^  seq,  ;  Development  of  Liver 
ip,  zzv.  187 ;  Masseter  of,  xziiL 
187 ;  Muscular  Nerve-supply  in, 
zziii.  207  et  seq, ;  (Esophagus  of, 
zzvii.  91 ;  Organ  of  Jaeobson  In, 
zzvi.  874  ;  zzz,  76 ;  Ovary  of,  zxi. 
171,  174,  178  ;  Peritoneum  of,  zzz. 
349 ;  Plurality  of  Renal  Arteries  in, 
zxviii.  286;  Pyramidal  Tract  in, 
xxiT.  p.  iii ;  Sacral  Plezus  in,  zziiL 
292 ;  Skin  of,  zzviii.  150 ;  Tails  of; 
zzviii.  375  ;  Tongue  of.  Papilla  of, 
zzvii.  87. 

Catalogue  of  Monstrosities  in  Helsing- 
fors  University  Museum,  zzviii  378. 
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CcUapkracU,  zziy.  419  (note). 

Catarrh,  zxi  247. 

Catarrhine  Monkeys,  Ligaments  of, 
with  Beferences  to  Corresponding 
Structures  in  Man  (Keith),  zzviii. 
149-168. 

Catarrhini,  Brains  of,  xxix.  282  et  aeq. ; 
Flexor  Profundus  Pedis  of»  xzviii. 
337. 

Cathartidce,  xxix.  23. 

Cathcart,  C.  W.,  Fusible  Metal  Iz^ec- 
tions,  XXV.  567-561. 

Caton,  Prof.  R.»  Description  of  a  New 
Form  of  Recording  Apparatus  tat 
the  Use  of  Practical  Physiology 
Classes,  xxii.  103-106. 

CcUostomiis,  xxix.  419  (note). 

Cauda  Equina,  Injury  to  Boots  of,  xxii 
490. 

Caudal  Fission  of  Cerebral  Hemisphere, 
XXX.  160. 

Caudate  Nucleus,  xxviiL  232,  283. 

Causation  of  Symelian  Monsters^  Theory 
of,  XXX.  181 ;  of  Curves  in  Mollities 
Ossium,  Bickets,  and  Osteitis  De- 
formans (Lane)^  xxii.  15-27.. 

Cave  Dwellers,  xxviii  272. 

Cavia,  Anatomy  of,  xxx.  524  ;  aperea. 
Gluteus  Quartus  in,  xxii.  552 ; 
eobaya,  Gluteus  Quartna  in,  xxii. 
552. 

Cavum  Pr»peritoneale  Betzii,  zxiv. 
221. 

Cebida,  SkmDs  of,  xxx.  386  et  seq. 

CebuSj  XXV.  142  eC  seq,  ;  Brain  of, 
xxx.  313  ;  Sublingual  Plate  in,  xxvi. 
391 ;  apella,  Gluteus  Quartus  in, 
xxii  552  ;  eapueinus,  Brain  of,  xziv. 
147  ;  Muscles  in,  xxiv.  78 ;  Peri- 
toneum of,  xxx.  355 ;  Upper  Limb 
Arteries  of,  xxvii.  387  ;  hypoleucos^ 
Upper  Limb  Arteries  of,  xxvii.  885. 

CccoinorphoSf  xxiii.  7,  35  (note) ;  xxiv. 
177  ;  Osteology  of,  xxv.  514. 

Cell  Contents,  xxiv.  272;  Theory, 
Past  and  Present  (Turner),  zxiv. 
253-287;  Nests  in  Skin  of  Elephant, 
xxiv.  495 ;  Wall,  xxiv.  272. 

Cells,  Arrangement  of,  in  Marrow,  and 
Belation  to  Blood-vessels,  xxviii.  135; 
of  Hibernating  Gland  of  Hedgehog, 
Origin  of,  xxvii.  513. 


Cellular  Elements  of  Marrow,  xxviii. 

127. 
Cementomata,  xxi.  666. 
Centenarian  Skeleton  (Cujsningham), 

XXIII.  p.  xiii 
Centenariana  (Humphry),   zxi.    496- 

504. 
CenteUs,  Larynx  of,  xxiiL  269 ;  eeau- 

dcUtUf  Sacrum  of,  xxvii.  549. 
Central  Connections  and  Belations  of 

Trigeminal,  Vago-glossopharyngeal, 

Vago-accessory,     and     Hypoglossal 

Nerves  (Turner),  xxix.  1-15. 

Fissure,  xxv.  139. 

Nerven-system  von  Protopiertu 


anneciens  (Burckhardt)  (Notice), 
xxvii.  290. 

Nervous  System,  Minute  Ana- 
tomy of,  according  to  Golgi's  Method 
(Turner),  xxvi.  271-275  ;  of  Anen- 
oephalous  Fcetus  (Bulloch),  xxix. 
276-281. 

Centre  for  Hearing,  xxv.  292,  293. 

CerUrocereut  urophasianus^  Skeleton 
of„  xxi.  101 ; .  Skull  ot  xxiv.  94  ; 
Number  of  Yertebns  in,  xxv. 
514. 

CerUromoeklus  megalop$y  xxix.  211 
(note). 

(kfUropodiiuKy  xxix.  23. 

Cephalifl  Ganglia  of  Bees.  Swallows, 
etc»,  xxix.  100. 

Cephal<^x)ds»  xxvL  263. 

CephtdoUs^  Muscles  in,  xxiv.  76. 

Cqpphua,  xxiv.  169  ;  xxv.  75 ;  Skeleton 
of,  xxiii.  4,  400 ;  columba,  xxiii  5  ; 
Osteology  of,  zziii.  401  ei  seq, ;  zziv. 
112 ;  gryUe,  zxiii.  5,  400  ;  Osteology 
of,  xxiii.  401,  41b  et  seq,,  541 ;  xxiv. 
100,  110,  115 ;  Belation  of  Great 
Auk  to,  xxiiL  2  ;  mandtii,  xxiiL  5. 

Ceratodtu,  xxix.  113  (note) ;  fosieri, 
Abdominal  Vein  of,  xxx.  212. 

CereUorhina  monocerala,  Osteology  of, 
xxiv.  114. 

CenUasaurus,  Sacrum  of,  zzvii.  550 
(note). 

Cereocdms,  Brain  of,  zzx.  313  ;  oUhiopSf 
Brain  of,  xxiv.  150  ;  cUbigeTia,  Mus- 
cles of,  xxii.  545 ;  coUaris,  Gluteus 
Quartus  Absent  in,  zxii.  551 ;  Mus- 
cles of,  xxii.  545 ;  fuliginosus,  Papil- 
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lary  Ridges  on  Hands  and  Feet  of, 
XXX.  815. 
CercolepteSf  Muscles  of,  xxiii.  82  ei  seq. ; 

xxiv.  80. 
CercopUheeidce,  Skulls  of,  xxx.  886. 
CereopithecicSj  Brain  of,  xxiv.  838  ;  xxx. 
313  ;  Flexor  Brevis  Pollicis  of,  xxil. 
8.5  ;  Lumbar  Vertebwe  of,  xxiv.  119  ; 
cynosuruSf  Gluteus  Quartus  in,  xxii. 
552 ;  Muscles  of,  xxii.  545 ;  petau- 
rista^  Muscles  of,  xxii.  545  ;  saboeus, 
Ligaments  of,  xxviii.  149. 
Cerebellar  Boot  of  Trigeminus,  xxix. 

13. 
Cerebellum,  Minute  Anatomy  of  (Eol- 
liker),  xxv.  443-460  ;  Cells  of,  xxv. 
451  e^  seq.  ;  Extirpation  of,  xxviii. 
382  ;  Fibres  of,  xxv.  457  ;  Functions 
of,  xxvi.  568 ;  Minute  Anatomy  of, 
xxvi  274  ;  Neuroglia  of,  xxv.  459. 
Cerebral  Commissures  in  Marsupialia 
and  Monotremata  (Symington),  xxvii. 
69-84 ;  in  Omilhorkynchus^xxx.  481 ; 
Convolutions,   Origin  of  (Schnopf- 
hagen)  Review,  xxv.  581,  582  ;  Rela- 
tive Thickness  and  Structure  of  Grey 
Matter  of,  in  George  Grote's  Brain, 
xxvii.  58  ;  of  Chimpanzee  known  as 
Sally  and  those  of  other  Chimpanzees 
and  Orangs  (Benham)  (Notice),  xxx. 
313 ;  Cortex,   Minute  Anatomy  of, 
xxvL  271 ;  Furrows,  Development  of 
(Cunningham),  xxviii.  p.  ix ;  Hemi- 
spheres of  Ornithorh^chus  paradoxus 
(Turner),   xxvi.  857-361,   pp.    vii- 
viii ;  (Smith),  xxx.  465-487  ;  Lobes 
of  George  Grote's  Brain,  xxvii.  87  ; 
Mantle,  Complete  Fissures  .of,  xxiv. 
309 ;  Surface  of  Microcephalic,  xxviii. 
424. 
Cerebro-cerebellar  Ratios,  xxvi.  451. 
Cerebrum,  Complete  Fissures  of,  and 
Growth   of  Hemisphere   (Cunning- 
ham),  xxiv.   309-845 ;  Homoplasty 
of,  xxx.  1 ;  with  Remarkably  Modi- 
fied Fronto-parietdl  Lobe  (Turner), 
xxv.   327-337,  p.   viii ;    of  George 
Grote,F.RS., General  Form  of,  xxvii. 
34  ;  of  George  Grote,  F.RS.,  Rela- 
tive  Quantity  of  White  Substance 
of,   and  Size  of  Commissures,  and 
Weight,  xxvii.  81,  60 ;  of  OrwUKo- 


rhynchiu,  xxx.  159 ;  Cerebellnm, 
Spinal  Cord,  and  Body,  Bates  of 
Growth  of.  Compared,  xxix.  286. 

Cerorhinca  monocerata^  xxiiL  4,  537  ; 
Osteology  of,  xxiii.  537. 

Cervical  Cysts,  xxviii.  374;  Fistula, 
xxx.  460;  Complete  (Kantback), 
xxvi  197,  198;  Sympathetic  of 
Rabbit,  xxix.  101. 

Cervua  alces.  Temperature  of,  xxv.  381  ; 
tlaphus,  Sections  of  Growing  Antler 
of  (Sutton),  XXVI.  pp.  xvii,  xviii  ; 
eldi,    Fallopian    Tube  of  (Sutton), 

XXIV.  p.  XV. 

Cetacea,    Brain  of,   xxv.   110  et  seq.; 
Digits  of,  xxviii.  59  ;  Foot  of,  xxvL 
400 ;    Fonnation  of  Perineum   and 
Fibrous  Pelvic  Cavity  in,  xxvii.  299  ; 
Heart  o(   xxiii.   253 ;    Intra- narial 
Epiglottis  in,  xxiii.  590 ;  Intra-narial 
Larynges  in,  xxiii.  266  ;  Mammae  of, 
xxv.  234  ;  Mesentery  in,  xxx.  353  ; 
Skull  of,  XXIV.  p.  xix;  Transverse 
Processes  in,  xxii.  639. 
Ceyx,  Foot  of,  xxvi.  398. 
ChaOogaster,  Ovum  of,  xxii.  10. 
Chcetopoda^  Hepatic  Cells  of,  xxv.  175  ; 

Ovary  in,  xxL  178. 
Chameleon,  Upper  Limb  Arteries  of, 

xxvii.  381. 
Chancre,  xxi.  242. 
Change  in  Form  of  Skeleton  (Lane), 

xxiL  215-224. 
Changes,  Histological,  induced  in  Sym- 
pathetic, Motor,  and  Sensory  Nerve 
Cells  by  Functional  Activity  (Mann), 
xxix.  100-108 ;  in  Human  Blood 
during  Coagulation  (Haycraft  and 
earlier),  xxii.  582-592;  in  Testicles 
of  Aged  Persons  (Griffiths),  xxviL 
474-482 ;  in  Testicle  of  Dog  when 
Replaced  within  Abdominal  Cavity 
(Griffiths),  xxvii.  483-500. 
ChanoSy  Accessory  Gill-snail  in,  xxix. 

188. 
Characiniy  xxix.    120  (note)  et  seq,, 
226  (note),  401  et  seq,,  519  et  seq,  ; 
Bones  of  Ear  in,  xxix.  111. 
Charadrii/ormes,  xxix.  25. 
CharadriomorpJkcB,  Osteology  of,  xxv. 

611  et  seq, 
CharadriomUhes,  xidx.  25. 
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Charadriu8,  xzix.  22  ;  Brachial  Plexns 
of,  xxiii.  290  ;  dominums,  Mandible 
of,  xxiii.  88,  185 ;  Osteology  of, 
xxiv.  187;  xxt.  525 ;  plumalis^ 
Osteology. of,  xxv.  515  ;  sguaiarola. 
Sternum  of,  xxv.  517. 

Charles,  Prof.  J.  J.,  Notes  on  a  Case  of 
Persistent  Left  Superior  Vena  Cava, 
the  Right  being  in  Great  Part  a 
Fibrous  Cord,  xxiii.  649,  650 ;  Ab- 
sence of  Radial  Artery^  xxviiL  449, 
450. 

Prof.  R.    H.,  Craniometry  of 

some  of  theOutcasteTribesof  Punjab, 
xxYL  1-25  ;  Craniology  and  Cranio- 
metry of  Punjab  Tribes,  xxviL  5-20  ; 
Influence  of  Function  as  Exemplified 
in  Morphology  of  Lower  Extremity 
of  Panjabi,  xxviiL  1-18 ;  Morpho- 
logical Peculiarities  in  Panjabi,  and 
their  Bearing  on  Transmission  of 
Acquired  Characters,  xxviii.  271- 
280  ;  Morphology  of  Lumbar,  Sac- 
ral and  Caudal  Regions  of  Panjabi 
(Notice),  xxix.  141, 143 ;  Nasal  Index 
Compared  upon  Head  and  Skull, 
with  Notes  upon  Nasal  Bones  and 
Anterior  Nasal  Aperture  (Notice), 
xxix.  141,  142. 

Dr  T.  C,  Schema  of  the  Circu- 


lation «f  the  Blood  and  Lymph,  xxii. 
435-440. 

ChcUoessus  jacunda^  Accessory  •Gill- 
snail  in,  xxix.  138. 

Chauveau«  Dr  A.,  Comparative  Ana- 
tomy of  Domesticated  Animals 
(Notice),  xxvi.  277. 

Cheek,  Cleft  of;  xxvi.  484. 

Cheese  Spirillum,  Deneke's,  xxvi. 
411  et  seq, 

Cheiromya  mada^asearefusis^  Gluteus 
Quartus  in,  xxiL  552 ;  Skull  of, 
XXX.  387. 

Cheiroptera^  Brain  of,  xxv.  115 ; 
Larynx  of,  xxiii.  267 ;  Mammte  of, 
xxv.  232 ;  Muscles  in,  xxiv.  78 ; 
Organ  of  Jacobson  in,  xxx.  78. 

Cheiroptergium,  Carpus  and  Tarsus  of, 
xxi.  867. 

Chelonia,  Arterial  Roots  in,  xxix.  p. 
xvii ;  Cardiac  Reflexes  in,  xxii.  4 ; 
Comparison  of,  xxi.  19,  20 ;  Fara- 


disation of  Heart  in,  xxii.  7  ;  Foot 
of,  xxvi.  402 ;  Muscles  of,  xxvi 
44 ;  Stimtdation  of  Vagus  in,  xxii. 
2 ;  caretta,  xxi.  2,  3,  9,  17  ;  tm- 
brieata,  xxi  2,  4,  9, 10, 17  ;  mydaSf 
xxi  2-5,  9,  16,  17,  20. 

Chemical  Processes  in  Small  Intestine 
of  Man  (Macfadyen,  Nencki,  and 
Sieber),  xxv.  390-427. 

Stimuli,  Action  of,  on  Non- 
striped  Muscle,  xxiv.  202. 

Chemistry  and  Coagulation  of  Milk 
(Harris),  xxix.  188-200. 

Chersina  anffulata,  Scoliosis  in,  xxiii. 
297. 

Chevrotain,  Myology  of,  xxviii  414. 

Chick,  Amnion  and  Proamnion  in 
(Shore  and  Rckering),  xxiv.  1-21 ; 
Developing  Membranes  of  (Stuart), 
xxv.  299,  300 ;  Development  of, 
xxiv.  286 ;  Development  of  Lach- 
rymal Duct  in,  xxvii  158  ;  Develop- 
ment of  Liver  in,  xxv.  184  ;  Double 
Embryo  (Mitchell),  xxv.  816-324 ; 
Vagus  in,  xxii  377  ;  Wolffian  Duct 
of,  xxi  639. 

Childhood,  Adenoma  of  Breast  in 
(Patteson),  xxvi  509-515  ;  Temporal 
Bone  in  (Clarke),  xxvii  411-414, 
p.  xxxiv. 

Chimpanzee,  xxix.  430 ;  Abductor 
Hallucis  of,  xxii.  86 ;  Abductor 
PoUicis  in,  xxii  81 ;  Adductor 
Obliquus  Hallucis  of,  xxii.  86 ; 
Adductor  Pollicis  in,  xxii.  81 ; 
Adductor  Transversus  Hallucis  of, 
xxii.  86 ;  Anatomy  of,  xxvi.  149 
et  acq, ;  xxx.  276,  313  ;  Biceps  Flexor 
Cruris  of,  xxvii  288 ;  Brain  of, 
xxii  575;  xxiv.  135  e^  seq.^  333; 
xxv.  4,  287  ;  xxvii.  288 ;  xxix.  384 
et  seq. ;  xxx.  313  ;  Origin  of  Caro- 
tid and  Subclavian  in,  xxix.  453  ; 
Contrahens  I.  of,  xxvii.  410;  Dig- 
ital Bones  of,  xxviii  59 ;  Dorso- 
epitrochlear  Muscle  in,  xxii.  296  ; 
Extensor  Ossis  Metacarpi  Pollicis 
in,  xxii.  81 ;  External  Condyle  of 
Tibia  in,  xxiii  630 ;  Flexor  Brevis 
Hallucis  of,  xxii.  86  ;  Flexor  Brevis 
Pollicis  in,  xxii.  81 ;  Foot  of,  xxvii 
124  ;  Hand  of,  xxvii  118  ;  Interos- 
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seous  YoUriB  Primus  of,  zzii  84; 
Ligaments  of^  zxviii.  158  et  seq,  ; 
Limb  Plexuses  in,  xxL  619,  620  ; 
Menstruation  in,  KZYii  378 ;  Mus- 
cular NerFe-supply  in^  xziiL  208  ; 
Myology  of,  xxvi.  824  et  seq,;  xzviii. 
338 ;  Opponens  Pollicis  in,  zzii.  81 ; 
Bibs  of,  zxiy.  129 ;  Sacral  Plezus  in, 
zxiii.  292 ;  Scansorius  in,  zzii  548- 
552 ;  Short  Museles  of  Pollaz  and 
Halluz  o(  ZZII.  p.  iii;  Skull  o( 
xzir.  354  et  aeq.;  zzF.  469;  Ster- 
num of,  zzYii.  p,  zxiii ;  Tibia  and 
Astragalus  of,  zxir.  214 ;  Vertebrse 
of,  xxiv.  44  et  seq, 

CTUnchilla,  Anatomy  o(,  xzz.  524 ; 
Nerves  of  Hair  of,  zzvii.  281. 

Chiotiis  cUba,  Sternum  o(,  zzt.  517 ; 
Vomer  of,  zziii.  39 ;  minor.  Oste- 
ology ot,  zzY.  73,  509  ;  Skeleton  of, 
zziiL  38,  39,  185,  186 ;  Number  of 
Vertebra  in,  zzt.  514. 

ChiomiSf  zzix.  34. 

Chiromyidoe,  Sublingual  Plate  in,  zxvi. 
391. 

CkiroTudes  variegatue.  Muscles  o^  zziv. 
76. 

Chiroptera.    See  0heir9pUra, 

ChUra,  Foot  of,  zzyL  402. 

Chlamydopharus,  Intra-narialEiMglottis 
in,  zxiii.  589  ;  Muscles  of,  zziv.  76. 

Chloroform  Administration,  Pupil  in 
(NeUson),  zzii.  154-171 ;  State  of 
Bladder  during,  zziz,  256. 

Chlorosis  and  Allied  Conditions,  xzv. 
475  ;  Alterations  found  in,  zxv.  475, 
488  et  seq. 

Cholera,  zzL  245,  257. 

CholapuSf  zziv.  249 ;  Brain  of,  xzv. 
107,  120  et  seq.  ;  zzz.  193  ;  Intra- 
narial  Epiglottis  in,  zziii.  589 ; 
didaetyluSf  zzv.  120  (note);  Hyoid 
of,  zzz.  520 ;  Lumbar  and  Sacral 
Regions  of,  zziii.  295;  Skull  of, 
zxx.  S88 ;  Aorta  of,  zzz.  501. 

ChondrichthyeSf  Wolffian  Bladder  of, 
zziv.  408  (note). 

Chondioarthrosis,  zzz.  54, 

Chondrodystrophia  hypoplastica,  zzx. 
453. 

ChordcUa,  zziii.  429;  Liver  of,  zxv. 
189. 


Chorea    Complicating    Nerve-uigary, 

zziv.  473. 
Chorion  of  Dugong,  zziiL  640. 
Chromatin  Fibres,  zziv.  274. 
Chromogram,  zzz.  119» 
Chromosome,  zziv.  276. 
Chronic  Glanders,  Morbid  Anatomy  ot 

Bones  of,  in  Human  Subject  (Shaxp), 

zziz.  492,  493. 
CkryisochloriSy  Obturator  Foramen  in, 

zzviL  665* 
Chrysolamprus  oeeUaius,  Scoliosis  in, 

zziiL  297. 

Chrysothnx,  Brain  o^  zzz.  813. 

Ciamia,  zziz*  22  et  seq. 

Ciconidee,  zziz.  24. 

CieoniidcB,  zziz.  28. 

Ciliary  Ganglion,  Long  Sensory  Boot 
of,  as  figured  by  Cloquet,  zxviii. 
408-410 ;  B^on  of  Eye  (Stuart), 
zzvi.  p.  ii 

Circle  of  Willis,  Arteries  forming 
(Windle),  zzii.  289-293. 

Circulating  Blood  devoid  of  Fibrin- 
fennent,  zziL  172-190. 

Circulation,  Action  of  Nitrite  of 
Sodium  on,  zziL  236 ;  through  Mal- 
formed Heart,  Course  o(  zzvii.  148  ; 
of  Blood  and  Lymph,  Schema  of 
(Charles),  zxii.  435-440. 

Cireulatory  System,  Action  of  Nitro- 
glycerine on,  xxii.  367  ;  of  Grey 
Seal,  zzz.  497. 

Circumvallate  PapilLe  of  Ateles  ater, 
zzvi  391 ;  in  Fiber,  zxii.  186 ;  of 
VtUpes  vulgaris,  zxiii.  202. 

Cirrhosis,  Blood  in,  xxv.  490. 

Civet,  Myology  of;  xxiiL  189  et  seq. 

Clarias,  zziz.  526  ei  seq.  ;  Aooessoiy 
Gill-cavity  of,  zziz.  138 ;  Osteology 
of,  zziz.  113  et  seq. ;  Sounds  made 
by,  zziz.  115  et  seq.  ;  maeraoan^l&M, 
zziz.  212;  magur,  Cranial  Nsnres 
of;  zziz.  852. 

Ckrk,  F.  Le  Gros,  Some  Thoughts  on 
the  Evolution  and  Affinity  of  Disease, 
zzi.  289-263. 

Clarke,  J.  F.,  a  Bare  Form  (^ 
Transveraus  Nuchs,  zziiL  p> 
zziv. 

J.    J.,    Abnormal   Pulmonary 

Valve,    XXIV.    p.    viii;    Temporal 
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BonOj  chiefly  in  Cbildlioodi  zzvii. 
411-414,  p.  zzxiT. 

Clarke,  W.  Bruce^  Apparatiu  for 
Mounting  Specimens  (Title  only), 
xzi.  682. 

Clarke's  Column.    See  Spinal  Cord. 

ClarksoD,  O.  A.,  Abnormal  Position  of 
Meckel's  Diverticulum,  zxvi.  444. 

R.  D.,  Unusual  Arrangement 

of  Psoas  Muscle,  zxiii.  504-506. 

Clavicular  Facet  of  Acromion,  xxvii. 
245  ;  Ligaments  of  Gatarrhine  Mon- 
keys, xxviii.  165. 

Cleft  of  Cheek,  xzvi  484;  Facial, 
xxvii.  418 ;  Palate,  zxii.  429  ;  xxv. 
440,  441 ;  xxvii.  348,  418  ;  Relation- 
ship  of  Alveolar  Form  of,  to  Incisor 
Teeth  (Turner),  xxv.  p.  viii. 

Cleland,  Dr  J.,  Memoirs  and  Memo- 
randa on  Anatomy  (Notice),  xxiv. 
618, 

Prot,  on  Fibro-plates  and  Inter- 
vertebral Discs,  xxiv.  873-378,  p. 
xiii ;  Burial  in  Sand  for  Prepara- 
tion of  Bones,  xxv.  pp.  xvii,  xviii ; 
Comparative  Anatomy  of  Ankle- 
joint,  XXVII.  p.  viii. 

Clemens,  P.,  Die  ausseren  Eiemen  der 
Wirbelthiere  (Notice),  xxiz.  834. 

Clemmys  cwnberla'ndensU,  Scoliosis  in, 
xxiii.  297* 

Clinical  Value  of  Four-root  Theory  of 
Cranial  Nerves  (Monro),  xxx.  36-44. 

Clitoris,  Double,  xxviL  417  ;  Elongated 
and  Bifid  (Windle),  xxvii.  p.  xxii ; 
Hypertrophied,    with    Absence    of 
Vagina,  xxv..  242  ;  of  Bycena,  xxiii. 
102. 

Cloaca  of  Clupeoid  Fishes,  xxvi.  29 ; 
in  MoBotrones,  xxi.  367  ;  in  Toads, 
xxi.  367. 

Closure  of  Processus  Vaginalis,  zxii 
540. 

Clots  of  Milk,  Varieties  of,  xxiz.  189. 

Club-foot  (Shattock  and  Parker),  xxiii. 
p.  zzY ;  Congenital,  zzviii.  462. 

Clupanodon  aureus.  Accessory  Gill- 
snail  in,  zziz.  138. 

Clupea,  Various  Species  of,  zzvi  26 
etteq. 

Clupeoid  Fishes,  British,  Air-bladder 
and  Ear  of  (Ridewood),  zzvi  26-42. 


Coagulation     of    Blood,     zxi.     265 ; 
Changes     during     (Hay  craft     and 
earlier),  xxii  582-692. 
■  of  Egg   and   Serum-albumen, 

Vitellin,  and  Serum-globulin,  by 
Heat  (Haycrafb  and  Duggan),  xxiv. 
288^306. 

Point  of  Albumen,  Action  of 


Salts  on,  xxiv.  294 ;  Influence  of 
Concentration  or  Dilution  on,  xxiv. 
289  et  seq, 

Coati,  Brain  of,  xxii  560  ;  xxv.  131. 

CobUiniy  xxix.  137,  418  (note) ;  Air- 
bladders  in,  xxix.  518  et  seq,  \  Bones 
of  Ear  in,  xxix.  111. 

CobiHs,  xxix.  129 ;  barbattda,  xxix. 
418  (note). 

Cocain,  xzi  46  ;  Action  of,  xxi  54 
(note). 

Coccygeal  FistuliB,  Congenital,  xxvi. 
483. 

Cod,  Gnashing  of  Pharyngeal  Teeth  in, 
xxix.  221. 

Caslenterata,  Nervous  System  of,  xxii. 
889 ;  xxiii.  428. 

CoBlogmys  paea.  Brain  of,  xxv.  114 ; 
Osteology  of,  xxx.  503;  Ovary  in, 
xxi  170,  172,  175. 

Coelom,  xxvi.  312 ;  Cranial  Parts  of, 
xxiii  431. 

Ccenatropus  IcLbyrirUhicus,  xxix.  138. 

Coffin  Bone  of  Horse,  zzviii  248. 

Colladon,  zziz.  549. 

CoUard,  F.  S.,  Abnormal  Position  of 
Meckel's  Diverticulum,  zzvi.  444. 

Collateral  Fissure,  zxv.  144. 

Collective  Investigation,  Scheme  of 
(Macalister),  xxiu.  p.  xix. 

Collichthys  lucida  and  pama,  Air- 
bladder  in,  xxix.  227. 

Collier,  Mayo,  Functions  of  the  Sinuses 
of  Valsalva  and  Auricular  Appen- 
dices, with  some  Remarks  on  the 
Mechanism  of  the  Heart  and  Pulse, 
XXII.  p.  xiii ;  Glosso-epiglottidean 
Ligaments,  xxiir.  p.  xvii 

Collinge,  W.  £.,  Tumour  in  Anodonta 
eygntea,  zzv.  154 ;  Absence  of  Male 
Reproductive  Organs  in  two  Herma- 
phrodite Molluscs,  zzvii.  237,  238  ; 
Unsymmetrical  Distribution  of  Cran- 
ial Nerves  of  Fishes,  zziz.  352-354 ; 
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Scales  in  Integument  of  Polyodon 
folium^  xxix.  486-487. 

Collins,  Dr  J.,  Abnonnal  Aortic  Arch 
(Specimen),  xxii.  p.  vi  ;  Dr  W.  J. , 
Anatomical  Specimens  (Title  only), 
xxi.  682. 

Colloid  in  Lymphatics  and  Blood- 
vessels of  Thyroid  in  Gtoitre  (Home), 
xxvii.  161-168. 

Colon,  Descending,  Relations  of  Peri- 
toneum to,  in  Human  Subject 
(Symington),  xxvi  530-537,  p.  xxi ; 
Position  of,  xxviL  272 ;  Variation 
of  Sigmoid  Flexure  of  (Melsome), 
XXTII.  p.  XXX ;  of  Grey  Seal,  xxx. 
492  ;  of  Sheep  with  Cystic  Myxoma 
(Sharp),  xxx.  659-561. 

Colour  of  DelpkinapteruSf  xxx.  128  ;  of 
Megaptera^  xxii.  122 ;  Variation  in, 
xxii.  123  (note);  Vision  (Tennant), 
xxx.  106-117 ;  and  Concentric 
Colour-markings  of  Calculi,  xxx. 
308. 

Coluber  natrix,  Anadidymus  of,  xxvii. 
416. 

Columbaj  Brachial  Plexus  of,  xxiii.  290. 

ColumhiBf  xxix.  23. 

Columbidce,  Skull  of,  xxv.  610  et  seq. 

Columns  of  Morgagni,  xxiiL  113. 

ColyTnbidcBf  xxiii.  6,  36  (note);  xxvi. 
199. 

ColyTtibuSf  Species  of,  xxiii.  3,  4  ;  Oste- 
ology of,  xxiv.  170  et  seq, 

Colypu,  Hair-nerves  of,  xxvii.  229. 

Comma  Organisms,  Experiments  with, 
xxvi.  411  e^  seq. 

Commissure,  Anterior  Cerebral,  of  Mar- 
supialia  and  MonotremcUa,  xxvii. 
76  ;  Auditive  Superieure,  xxvL  39  ; 
Hippocampal,  of  Marsupialia  and 
MonotrevuUaf  xxvii.  79 ;  Cerebral, 
in  Marsupialia  and  Monotremata 
(Symington),  xxvii.  69-84. 

Communication  between  Facial  and 
Glosso-pharyngeal  Nerves  (Mac- 
Callam  and  Dixon),  xxix.  pp. 
xxviii-xxxi. 

Communications  between  Vena  Portse 
and  Vena  Cava  in  Horse  (Struthers), 
XXVII.  p.  vi. 

Comparative  Anatomy  of  Ankle-joint 
(Cleland),  xxvii.  p.  viii ;  of  Brain 


(Turner),  xxv.  106-153 ;  of  Domesti- 
cated Animals  (Chauvean)  (Notice), 
xxvi.  277  ;  of  Muscles  and  Nerves  of 
Superior  and  Inferior  Extremities  of 
Anthropoid  Apes  (Hepbmn),  xxvi 
149-186,    824-^56;    Craniology    of 
North  American  Indians  (Shnfeldt), 
xxi.  626-686  ;  Osteologieal  Notes  on 
Extinct  Bird  Ichthyomis  (Shafeldt), 
xxvii.  336-342  ;  Osteology  of  Arctic 
and   Sub-arctic   Water-birds    (Sha- 
feldt), xxui.  1-39, 166-186,  400-427, 
637-568;    xxiv.    89-116,    169-187, 
643-566  ;  xxv.  60-77,  509-625. 

Comparison    of  the   Convolutions    of 
Seals   and    Walrus  with    those    of 
Camivora,  Apes  and  Man  (Tomer), 
xxii.   664-581 ;    of  Femur  in   Fin- 
whales   and    in    JIfystieetuSj    xxvii. 
828 ;  of  Pelvic  Bone  in  Fin-whales 
and  in  Mysticctus,  xxvii.   323  ;    of 
Pelvic  Bone  and  Femur  in  Different 
Species  of  Cetaeeaf   xxvii.   321  ;   of 
Rudimentary    Hind-limb   of  Great 
Fin  whale  with  those  of  Humpback - 
whale    and  Greenland  Bight-whale 
(Struthers),  xxvii.  291-335. 

Complete  Fissures  of  Human  Cerebmm, 
and  their  Significance  in  Connection 
with  Growth  of  Hemisphere  and  Ap- 
pearance of  Occipital  Lobe  (Cun- 
ningham), xxiv.  309-346. 

Compound  Microscope,  Tercentenary  of 
(Rutherford),  xxv.  pp.  iv-xxi. 

Concha  Suprema,  xxviii.  74. 

Condyle,  Third,  in  Punjab  Skulls, 
xxvii.  14. 

Condyloid  Foramen,  Anterior,  xxii. 
31. 

Surface,    External,    of   Tibia, 

Variations  in  Form  of,  xxiii.  619. 

Coney,  Intra-narial  Epiglottis  in, 
xxiii.  689. 

Ck>ngenital  Absence  of  Tibia  (M'Laren), 
xxiii.  698-605 ;  of  both  XJlnaj 
(Pringle),  xxvii.  239-244  ;  of  Whole 
or  Part  of  a  Bone  (Tyrie),  xxviii. 
411-413  ;  Coccygeal  Fistulae,  xxvi. 
433  ;  Defects  in  Organs  in  cases  of 
Single  Kidney,  xxviii.  201 ;  Dislo- 
cation of  Hip  (Targett),  xxx.  p.  x  ; 
Malformation  of  Heart,  with  Trans- 
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position  of  Aorta  and  Pulmonary 
Artery  (Sanders),  xxvii.  464-478 ; 
with  Lateral  and  Antero-poeterior 
Transposition  of  Aorta  and  Pul- 
monary Arteries,  xxix.  pp.  xiv- 
xviii  ;  with  Transposition  of  Viscera 
(Griffith),  XXV.  p.  xviii ;  Neoplas- 
mata,  xxvi.  481  ;  Overgrowth,  etc., 
Relation  of,  to  Tumours  (Humphry), 
xxvi.  567-567 ;  Struma  of  Thyroid 
Body,  xxvii.  418. 

Ooni  Yasculosi,  xxii.  72. 

Conirostral  Birds,  xxii.  840. 

Ck>nnectious  of  Femur  of  Whale,  xxviL 
820. 

Connective  Tissue,  Sub-pleural  and 
Sub-peritoneal,  Planes  of  (Anderson 
and  Makins),  xxv.  78-86,  p.  xix. 

Contraction  and  Shortening  of  Muscles, 
xxviii.  457  ;  of  Joints,  xxviii.  458  ; 
in  Paralysis,  xxviii.  462. 

Contributions  to  Surface  Anatomy  of 
Cerebral  Hemispheres  (Cunningham 
and  Horsley)  (Notice),  xxvii.  288, 
289. 

Convergence,  Effect  of  Spectacles  on, 
xxi.  80,  34 ;  and  Accommodation, 
Relation  between  (Maddox),  xxi.  21- 
42. 

Convolutions  of  Brain  (Turner),  xxv. 
105-153  ;  of  Camiwraf  xxx.  8  et 
seq.  ;  of  Seals  and  Walrus  com- 
pared with  those  of  Camivorat  Apes 
and  Man  (Turner),  xxii.  554-581 ; 
and  Sulci  of  Brain  of  George  Grote, 
F.R.S.,  xxvii.  44. 

Cooke,  G.  H.,  Action  of  Various  Stimuli 
on  Non-striped  Muscle,  xxi  v.  195- 
209. 

Cooper,  C.  D.,  Skull  of  Aboriginal 
Australian,  xxvi.  pp.  xxiii,  xxiv. 

Coot,  xxii.  315. 

Coraco-acromial  Ligaments  of  Catar- 
rhine  Monkeys,  xxviii.  165. 

Cormorant,  Osteology  of,  xxiv.  181. 

Corner,  E.  M.,  Structures  in  Elbow- 
joint,  XXX.  869-376,  p.  viii ;  Tem- 
poral Fossa,  xxx.  377-385,  p.  ix  ; 
Processes  of  Occipital  and  Mastoid 
Regions  of  Skull,  xxx.  386-389,  p. 

•  •  • 

viu. 
Coiiiu  Ammonis,  xxv.  110. 


Cornu  Ammonis,  Medium  of  Glandular 
Thyreoidea,  xxv.  157. 

Corona  in  certain  After-images,  Cause 
of  (Wright),  xxvi.  192-196. 

Coronal  Convolution  and  Fissure,  xxv. 
128. 

Coronary  Ligament  of  Knee,  zxix. 
p.  X. 

Corporeal  Concomitant,  Amount  of,  in 
Brain,  xxix.  287. 

Corpus  Callosum,  xxviii.  232,  233  ; 
Absence  of,  xxiv.  325  ;  etc..  Morpho- 
logy of  (Smith),  xxx.  157-167,  185- 
205 ;  Luteum  in  Macactis  rhesus, 
xxvii.  362;  Striatum,  xxiv.  310  et 
seq. 

Corpuscles,  xxiv.  272. 

Eichorst's,    xxv.     487  ;    Red, 

Changes  of,  xxv.  362,  485. 

White,  Fate  of,  when  Blood  is 


Transfused  Intra-peritoneally,  xxi. 
285  ;  White,  Pathol(>gical  Changes 
in,  xxv.  487. 

Corroval,  an  Arrow  Poison,  xxvii.  407. 

CorvicLoe,  Osteological  Notes  on  (Shu- 
feldt),  xxii.  309-350. 

Carvina,  Various  Species,  Air-bladder 
in,  xxix.  226,  227 ;  ronchuSj  Sound 
Production  in,  xxix.  221,  227. 

Corvina:,  xxii.  309  et  seq, 

Corvus  amerieanuSf  xxii.  332  et  seq.  ; 
eoraxy  xxii.  322  et  seq, ;  conxx  sinu- 
atuSf  xxii.  320  et  seq,  ;  cryptokucuSf 
xxii.  320. 

Cory,  Dr  Robert,  Effects  of  Vaccination 
and  Subsequent  Amputation  of  Sup- 
ernumerary Fingers,  xxi.  505-509. 

Costal  Cartilage  and  Rib,  Bifurcation 
of  (Eccles),  XXVIII.  p.  ix. 

Costal  Cartilages  in  Acromegaly,  xxiv. 
486. 

Costo-central  Joint,  xxvii.  252. 

Gosto-coracoid  Membrane  of  Catarrhine 
Monkeys,  xxviii.  165. 

Costo-stemal  Articulations  (M^usgrove), 
xxvii.  1-4,  p.  ix. 

Costo-transverse  Ligament,  xxvii.  254. 

Costo-vertebral  Joint,  First  (Macalis- 
ter),  xxviL  252-256,  p.  xvii ;  Liga- 
ments of,  in  Catarrhine  Monkeys, 
xxviii.  167  ;  Variation  in  Gorilla 
(Struthers),  xxvii.  131-138. 
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CoUus,  dottid  tVoduetion  in,  txix. 
126.  206. 

Cotyloid  Cartilage  of  Crocodiles,  Xzvii. 
552. 

Coarlane,  xxix.  22. 

Cow,  Mastitis  in,  jxv,  571 ;  Organ  of 
Jaoobson  in,  zxvi.  874 ;  Sopema- 
merary  Nipples  in,  xxy.  241. 

Oowbirds,  xzii.  809  et  seq, 

Cowper,  J.,  on  Hexadactylism,  with 
Especial  Reference  to  its  Ocourrenoe 
in  a  Variety  of  GeUlua  domes^ieus, 
xxiii.  242>249. 

Cowper's  Glands,  xxiy.  82  et  seq. 

Cranes,  xxlx.  82^ 

Crania,  Australian,  Relations  of  Den- 
tary  Arcades  in  (Turner),  xxr.  461- 
472,  p.  xrii;  Ethnica  Americana  ( Vir- 
chow)  (Notice),  xxvli.  565;  Helvetica 
antiqua  (Studer  and  Bannwarth) 
(Notice),  xxix.  888 ;  Indian,  in 
U.S.  Army  Medical  Museum  (Shu- 
feldt),  xxii.  191-214  ;  of  Aboriginal 
Australians  in  Cambridge  Univer- 
sity Museum  (Duckworth)  (Notice), 
xxix.  142,  144 ;  of  North  American 
Indians  (Shufeldt),  xxv.  222-224  ; 
from  Tipperary  (Browne)  (Notice), 
xxix.  141,  142 ;  of  Oorilla  tavagei. 
Variations  in  (Duckworth),  xxix. 
385-845  ;  of  Rabbits  (Howes),  xxiv. 
p.  xviL 

Cranial  Capacity  and  Brain-weight, 
Relationship  between,  xxix.  288 ; 
Morphology  (Sutton),  xxii  28-87, 
p.  iii ;  Critical  Study  of  (Bland  Sut< 
ton)  (Title  only),  xxi.  682 ;  Nerve 
Nuclei  in  Bulbar  Paralysis,  xxix.  1 ; 
Nerves,  Four-root  Theory  of  (Monro), 
XXX.  86-44 ;  Unsymmetrical  Distri- 
bution of,  in  Fishes  (Collinge),  xxix. 
852-854. 

Cranio-cerebral  Topography  (Cunning- 
ham), XXII.  p.  xUi ;  (Anderson  and 
Makins),  xxiii  455-465,  p.  xiii ; 
Models  Illustrating  (Cunningham), 
XXIII.  p.  xi-xv. 

Craniology  of  North  American  Indians 
(Shufeldt),  xxi.  525-535. 

and   Craniometry    of    Punjab 
Tribes  (Charles),  xxvii.  5-20. 

Craniometry  of  some  of  the  Outcaste 


Tribes  6f  Pugab  (Charles), 

1-25. 
Craniometry,  Tables  o{,  xrvi.  8-25. 

etc. ,  of  Pttnjab  Tribes  (Charte), 


xxvii  5-20. 

Cranium  of  M&gaptara,  xxiiL  820. 

Creagrus,  xxvii.  889. 

Crerar,  J.  W^,  Absence  of  SubeUviua 
Muscle,  xxvir  554. 

Crestless  Jays,  xxiL  309. 

Crex,  xxix.  21  et  seq. 

Cfricetomys,  Anatomy  of,  xxx.  524. 

Crista  Galli,  xxviii.  75. 

Critical  Study  in  Cranial  Morphology 
(Sutton),  XXII.  p.  iii. 

Crocodile,  Nerve-supply  in,  rrr.  37  ; 
Cotyloid  Cartilage  of,  xxvii  552  ; 
Upper  Limb,  Arteries  of,  xxvii.  391. 

Cfroeodilia,  Pectineus  of,  xxvi:  44 ; 
Pelvic  Girdle  of,  xxi  366  ;  Yomer 
of,  xxx.  429. 

poroeuSf  Jacobson's  Organ  in, 

xxx.  480  ;  Jacobson's  Organ  in,  and 
Development  of  Nasal  Cavity,  Lach- 
rymal Duct,  and  Harderian  Gland  in 
(Meek),  xxvii.  151-160 ;  Vom«r  of. 
XXX.  480. 

Crop  of  Clupeoid  Fishes,  xxvi  28 
(note). 

''  Crossed  Camera,"  MathematiQal  Cor- 
rections for,  xxi.  24. 

Crotaphyte  Foss«  of  Laridce  and  Myn- 
chops,  xxv.  72  ;  of  Razor-bill,  xxiii 
IS,  34. 

Croup,  Membranous,  xxi.  256. 

Crows,  xxii  309  et  aeq. 

Crucial  Fissure,  xxv.  129. 

Oura,  Tracts  of,  xxvii  286. 

Crus  cerebri,  xxv.  108. 

Crusta,  xxviii.  238. 

Orustaeea^  xxUi.  477  (note) ;  Cteca  of, 
xxv.  173. 

Orjfptobranchue,  zxii.  p.  xvi  \  Japomkm^ 
Pectineus  of,  xxvi  43 ;  SooliosiB  in, 
xxiii  297  ;  Upper  limb  Arteries  of, 
xxvu.  381. 

Cryptoproda,  Hyoid  o^  xxx.  521  it  asg. 

CryptopteruSf  xxix.  112,  524. 

Cryptorchids,  xxviii.  212. 

Ctenoden  nigropwustatus^  SooHoais  in, 
xxiu.  297. 

Cuculida,  xxix.  28. 
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OueulinoB,  zxiz.  28. 

Canningbam,  Dr  C.  J.,  Anatomy  of 
Hymen  and  that  of  Posterior  Ckxn- 
missure  of  Vulva,  zxvii.  848-847' 

i Prat    D.    J.»   the    MosottlaB 

Stemalis,  xzii  891-407|  p.  ziv  ; 
.  Cranio -eerebral  Topography,  zxii. 
p.  xiil;  Models  lUnstrating  Topo- 
graphy of  Skull,  XXIII.  p.  zi ;  New 
Method  of  Mounting  Spine,  xxiiu  p. 
xii ;  Centenarian  Skeleton,  xxiil.  p. 
xiii;  Elbow-joint,  xxiii.  p.  xzii; 
Proportion  of  Bone  and  Cartilage  in 
Lumbar  Section  of  Vertebral  Column 
of  Ape  and  several  Baces  of  Men, 
xxiv.  117-126;  Occasional  Eighth 
True  Rib  in  Man,  and  its  Relation  to 
RightHandedness,  xxiv.  127-129; 
Intraparietal  Sulcus  of  Brain,  xxiv. 
185-155,  p.  zi  ;  Complete  Fissures  of 
Human  Cerebrum,  and  their  Signi- 
ficance in  Connection  with  Growth 
of  Hemisphere  and  Appearance  of 

.  Occipital  Lobe,  zziv.  809-845  ;  Fis- 
sure of  Rolando,  zzv.  1-23  ;  Value 
of  Nerve-supply  in  Determination  of 
Muscular  Homologies  and  Anomalies, 
zzv.  81-40 ;  Sylvian  Fissure  and 
Island  of  Reil  in  Primate*  Brain, 
zzv.  286-291 ;  Development  of  Gyri 
and  Sulci  on  Surface  of  Island  of 
Reil  of  Human  Brain,  zzv.  388-848 ; 
Skeleton  of  Irish  Giant,  Com^ius 
Magrath,  xxv.  p.  iz  ;  Human  Foetal 
Brains,  xxv.  p.  zi ;  Delimitation  of 
Regions  of  Abdomen,  zzvii.  257-278, 
p.  zviii ;  Contributions  to  Sur&ce 
Anatomy  of  Cerebral  Hemispheres 
'  (Notice),  zzvii.  288-289 ;  Develop- 
ment of  Cerebral  Furrows,  xxvili. 
p.  iz ;  Form  of  Spleen  and  Kid- 
neys, zziz.  501-517,  p.  zzi ;  Brains 
of  Microcephalic  Idiots,  xxix.  p.  ii ; 
Skulls  from  New  Guinea  and  Torres 
Straits,  xxix.  p.  xviii;  PUheeam^ 
thropus  erediia,  xxix.  ppt  zviii,  ziz. 

Cuprio  Albuminates,  zzvii.  212. 

Curara,  zxi.  51  ;  JLXvii.  402 ;  Absorp- 
tion of,  from  Bladder,  zzi.  809  ;  £z- 
periments  with,  zziv.  400 ;  Lethal 
Dose  of,  for  Frog,  zzviii.  99 ;  Phar- 
macology of  (Tillie),  zziv.  379-406, 


508-516 ;  Variety  of,  acting  as 
Mttacle-poison  (llllie),  zxviii.  96- 
106  ;  and  its  Alkaloids,  Pharma- 
cology of  (Tillie),  zzv.  41-59. 

Cnrarine,  Action  of,  on  Blood-pressure, 
zzv.  41 ;  on  Cat,  Dog,  and  Babbit, 
zzv.  42  et  9eq. ;  on  Frog,  zziv.  8S1 ; 
Ezperiiqents  with,  with  Small  Doses 
of  about  2  to  5  times  the  Minimum 
Paralysing,  zziv.  884-889;  with 
Large  Doses  of  from  50  to  100  times 
the  Minimum  Paralvsing  Dose,  zziv. 
890  ;  Injection  of,  into  Blood-vessels, 
zziv.  808 ;  Local  Application  of 
Solutions  of,  to  Spinal  Cord,  zziv. 
896 ;  Notes  on  Action  of,  zzv.  53  ; 
and  Methyl  Strychnium,  Physio- 
logical Relation  of,  zziv.  405,  508. 

Curds,  zziz.  189. 

Curimatus,  Accessory  Gill-snail  in, 
zziz.  188. 

Curine,  zzvii.  407. 

Cumow,  Prof.,  Abnormal  Subclavian 
Artery  (Title  only),  zzi.  682  ;  Right 
Subclavian  Artery  passing  in  Front 
of  Scalenus  anticus,  xxii.  p.  v ;  an 
Interparietal  Bone,  a  Constricted 
Aorta,  a  Double  Aortic  Arch,  XXli. 
p.  zviii  ;  Asymmetrical  Skull,  xxiii. 
p.  i ;  Divided  Parietal  Bone,  xxvii. 
p.  zii. 

Curran,  W.,  Senses  of  Savages,  zzi. 
558-570. 

Curvature  of  Spine,  zziv.  47. 

Curvatures,  Ricketty  (Pye),  zziii,  116- 
128. 

Curves  in  Mollities  Ossium,  Rickets, 
and  Osteitis  Deformans,  Important 
Factor  in  Causation  of  (Lane),  zzii. 
16-27. 

CuaeuSf  Anatomy  of,  zzi.  104  et  9eq, ; 
Innervation  of  Lumbricales  of,  zzi. 
580,  581 ;  Limb  Plezuses  in,  zzi. 
619,  620  ;  Nerve-supply  of  Muscles 
in,  zziz.  92 ;  Nerve  to  Quadratus 
Femoris  in,  zziiL  855  ;  Sacral  Plexus 
in,  zxiii.  292  et  seq. 

maculata,  Muscles  of,  zzii  545. 

Cusps  of  Pulmonary  and  Aortic 
Valves  (Windle),  xxix.  pp.  iv,  v. 

Cutaneous  Nerves,  Distribution  of,  to 
Lower  Limb,  zzviii.  175. 
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Cutis  Vera  of  Hedgehog,  xxvii.  170. 
Cuttle-fish  as  Food  of  Toothed-whales, 

xxvi.  262. 
Cut- water  of  Megaptera,  xxii  120. 
Cyanide  of  Potassium,  Ahsorption  of, 

from  Bladders,  xxi.  809. 
CyanocephaltLs,  xxii.  SlQetseq.;  tyano- 

cephalus,  xxiL  829  ct  aeq, 
CyanoHUa,  xxii.  309  et  seq.;  ateUeri, 

xxii.  825  et  8eq. ;  sUlUri  vuuroUfpka, 

xxii.  843. 
CycloduSt  Nerve- supply  in,  xxvi.  44. 
Cyclopean  Monster,  Absence  of  Mus- 

culus  Sternalis  in,  xxii.  894. 
Cyclopia,  xxvi.  434  ;  xxviiL  872  ;  xxx. 

459. 
Cyclops    arrynchus   in   Sheep,    xxv. 

441. 

CyclorrhyTichus,  Osteology  of,  xxiiL 
557  ;  mtmocerata.  Osteology  of,  xxiii. 
537 ;  psittactUus,  xxiii.  4 ;  Oste- 
ology of,  xxiii.  557 ;  xxiv.  110,  115. 

Cyclostomata,  xxv.  155. 

Cydostomi,  Alimentary  Canal  of,  xxv. 

178. 
CyclothuruSj  Muscles  of,  xxiv.  76.5 
Cygnus  atrus,  Spinal  Nerves  of,  xxiii. 

290. 

CynocephalvA,  Anatomy  of,  xxx.  524  ; 
Brain  of,  xxx.  813  ;  anubis,  Limb 
Plexuses  in,  xxi.  619,  620  ;  Panni- 
cuius  of,  xxiii.  215  ;  Peritoneum  of, 
xxx.  355 ;  Thumb  Muscles  of,  xxii. 
84  ;  bdbouin,  Papillary  Ridges  on 
Hands  and  Feet  of,  xxx.  815; 
maimon,  Brain  of,  xxix.  296; 
porcarius,  Ovary  of,  xxi,  172,  175. 

Cynomorphaf  Ligaments  of,  xxviii.  149 

etseq, 
Cynomorphous  Primates,  xxviii.  883, 

335  ;  Foot,  xxviii.  337. 
Cynomys  ludovidanus^  Muscles  of,  xxiv. 

76. 
Cynonycteris,  Brain  of,  xxv.  107  et  seg,  ; 

amplexicaudatusy  Muscles  in,  xxiv. 

78  ;  colUtris,  Brain  of,  xxv.  115. 
Cypelm  apus,  Spinal  Nerves  of,  xxiii. 

290. 
CypHnidce,  xxix.  401 ;  Air-bladder  in, 
xxix.  211 ;  Sounds  made  by,  xxix. 

115. 
Cyprinoidoe,  Respiration  in,  xxix.  137. 


Cyprinoidei,  xxix.  401  a  seq.,  519  ei 

aeq. ;  Bones  of  Ear  in,  xxix.  Ill ; 

Osteology  of,  xxix.  112  (note). 
Cyprinus   carpio,  xxix.   623  et   seq.  ; 

Air-bladder  of,  xxix.  206  ;  Weberian 

Ossicles  of,  xxix.  418. 
Cyst  of  Neck,  Congenital,  xxviiL  874. 
Cystenoephaloceles,  xxix.  469. 
Cystic  Degeneration  of  Heart,  Spleen, 

Liver,  and  Kidneys  (Meigs),  xxvii. 

454-468. 
Myxoma  attached  to    Sheep's 

Colon  (Sharp),  xxx.  659-561. 
OyaigruUhus,  Shoulder-girdle  of,  xxi. 

195. 
Cystin,  Ferment  causing  Separation  of 

(DeUpine),  xxiv.  846-348. 
Cystoblastema,  xxiv.  258. 
Cysts   of    Epididymis,    xxviii.    110 ; 

arising   from  Vasa   Efferentia    and 

Rete  Testis,  xxviiL  116  ;  Subserous, 

of  Tunica  Albuginea,  xxviii.   122 ; 

of  Lymph  Vessels,  xxvii.  461. 
etc.  (Bland  Sutton),  xxL  289- 

298. 
Oytaster,  xxiv.  275. 
Oytodes,  Simple  and  Encased,    xxiv. 

271. 

DactyWira,  Shoulder-girdle    of,   xxL 

196. 
DaetyloptertM,  xxix.  113  note  ;  wIUohs^ 

xxix.    528 ;    Sound  production   in, 

xxix.  126. 
Daphnia,  Organs  of,  xxv.  173. 
Das  Gefass  und  Periphere  Nerven-sys- 

tem  des  Gk>rilla  (Eisler),  xxiv.  611 

(Notice). 
Das  Gliedmassen — Skelet  der  Wirbel- 

thiere  mit  besonderes  BerUcksichti* 

gung   des   Schulter — und     Becken- 

gttrtels  bei  Fischen,  Amphibian  and 

Beptilien   (Wiedersheim)    (Notice), 

xxvi.  576. 
Dasypodidaey  Intra-narial  Epiglottis  in, 

xxiiL  589. 
Dasyprocta,    Muscles    of,    xxiv.    76; 

aguH,  Gluteus  Quartus  of,  xxiL  552. 
Dasypus,  Brain  of,  xxv.  107  ;  xxx.  186 

et  seq.  ;  minuius,  Sacrum  of,  xxvIL 

649  ;  novemcinctus,  xxv.  120  (iiot«) ; 

Intra-narial  Epiglottis  in,  xxiii.  591  ; 
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sexdnetuSf  Brain  of,  xxv.  118,  120  ; 
Middle  Sacral  Artery  in,  xxx.  500  ; 
Muscles  of,  xxiv.  76 ;  Orbital  Lobe  of, 
xxx.  186  ;  vilUmu,  xxv.  120  (note). 

Daayurtu,  Brain  of,  xxx.  168  et  seq,, 
481 ;  Jacobson's  Organ  in,  xxx.  77  ; 
Mauge'B,  Brain  of,  xxvii.  69 ; 
urnnus.  Brain  of,  xxv.  118 ;  viver- 
rinus,  Myology  of  the  Limbs  of 
(MacCormick),  xxi.  103-187,  199- 
226 ;  Nerve  to  Qoadratos  Femoris 
in,  xxiii.  855  ;  Nerves  of,  xxix.  92. 

Davidson,  D.  6.,  Abnormal  Arrange- 
ment of  Veins  abont  Popliteal  Space, 
xxY.  154. 

Deafness  and  Motor  Aphasia,  Brain 
from  a  Case  of,  xxi.  79-88. 

Dean,  G.,  Lithopsedion,  xxviii.  77-83. 

Death,  Cardiac,  xxi.  14. 

Decalcified  Milk,  xxix.  191. 

Decapoda,  Liver  of,  xxv.  167  «<  seq, 

Decidna  Reflexa,  xxyi.  813. 

Decidual  Hillocks  in  Inuus  and  Ma- 
eaetu,  xxvii.  865  et  seq. 

Deer,  Antlers  of  (Turner),  XXTII.  p.  ii ; 
Axis,  Intra-narial  Epiglottis  in,  xxiii. 
589  ;  Musk,  Intra-narial  Epiglottis 
in,  xxiii.  589 ;  Panolian,  Fallopian 
Tube  of  (Sutton),  xxiv.  p.  xv ;  Red, 
Heart  of,  xxiii.  258. 

Defect  in  Capsule  of  Shoulder-joint 
(Hepburn),  xxvi.  p.,viii-x. 

Defects  of  Face,  xxvi.  484  ;  of  Ovum, 
xxix.  465. 

Deficiency  of  Pectoralis  Major,  xxii.  99. 

Defibrination,  Effect  of,  on  Vitality  of 
Corpuscles,  xxi.  467. 

Deficient  Mammse  (Williams),  xxv. 
304-315  ;  Vascularity,  Later  Malfor- 
mations dne  to,  xxvii.  450. 

Deformities  of  Hand,  xxviii.  461. 

Degeneration,  Cystic,  of  Heart,  Spleen, 
Liver,  and  Kidnejs  (Meigs),  xxvii. 
454-463. 

Dejerine,  Dr  J.  and  Madame,  Ana- 
tomie  des  centres  nerveux  (Notice), 
xxix.  833,  384. 

Delepine,  S.,  Fermentation  censing 
Separation  of  Cystin,  xxiv.  846-348. 

Delimitation  of  Regions  of  Abdomen 
(Cunninghnm),  xxviii.  257-278, 
p.  xvii ;  (Smith),  xxvii.  285  ;  Plea 


for  Uniformity  in  (Anderson),  xxvi. 
543-547,  p.  xxi. 

Delisle,  F.    See  Milne  Edwards,  A. 

Delphinaptema  lettccts.  Anatomy  of 
(StruthersX  xxx.  124-156  ;  Stomach 
of,  xxiii  486-488. 

Delphinidoe,  xxv.  Ill  (note) ;  Larynx 
of,  xxiii.  266 ;  Stomach  of,  xxiii. 
466-492. 

Delphinoid  Whales.     See  Whales. 

Delphinus  albirostris,  Stomach  of, 
xxiiL  482,  488  ;  delphis.  Stomach  of, 
xxui.  478,  488. 

Demonstration  of  Auditory  Air  Pas- 
sages (Symington),  xxiii.  p.  ii. 

Deneke's  Cheese  Spirillum,  xxvi.  411 
etseq, 

Deniker,  J.    See  Milne  Edwards,  A. 

Dental  Canal,  xxix.  361 ;  Index,  xxvi. 
p.  xxiv. 

DtvUalium,  Liver  of,  xxv.  171. 

Dentary  Alcades  in  Australian  Crania 
(Turner),  xxv.  461-472,  p.  xvii. 

Dentigerous  Cyst,  xxi.  667-669. 

Dentition  in  Man  (Windle),  xxi.  84-96. 

Dentomata,  xxi.  666. 

Depressions  on  Surface  of  Parietal 
Bones  (Shepherd),  xxvii.  501-504  ; 
Super-Orbital  Glandular,  of  Razor- 
bill, xxiii.  12,  34. 

Derbian  Wallaby,  Brain  of,  xxvii.  75 
etnq. 

Dermal  Tubercles  on  Head  of  Megap- 
tera,  xxii.  119. 

Dermoid  Cysts,  xxv.  235 ;  xxvi.  564  ; 
xxviii.  34  ;  xxx.  455  ;  Rudimentary, 
xxvi.  501  ;  Sequestration,  xxvi.  503. 

Description  of  two  SknUs  from  Nagyr 
(Duckworth),  (Notice),  xxix.  142, 
144. 

Besertieolm,  xxix.  24. 

Determination  of  Placental  Site  in 
Apes,  Hedgehog,  Rabbit,  Rumin- 
ants, xxvii.  373  ;  in  Woman,  xxvii. 
874. 

Developing  Membranes  of  Chick,  Mode 
of  Demonstrating  (Stuart),  xxv.  299- 
300. 

Development,  Abnormal  of  Genito- 
urinary System  of  Rabbit,  xxiii.  650; 
Effects  of  Electricity  and  Magnetism 
on  (Windle),  xxix.  846-351  ;  of  Area 
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Yasculosa,  Results  of  DistnrbaDce  of, 
xxvii.  448 ;  of  Bones  of  Foot  of 
Horse,  and  of  Digital  Bones  gener- 
ally (Struthera),  xxviiL  61-62 ;  of 
Cerebral  Furrows  (Cunningham), 
XXVIII.  p.  ix  ;  of  Chick,  xxiv.  1-21  ; 
of  Diarthrodial-joints  in  Birds  and 
Mammals  (Hepburn),  xxiii.  607-522  ; 
XXVII.  p.  ix  ;  of  Eggs,  Effect  of  Baro- 
metric Pressure  on,  xxix.  468  ;  of 
Narcotic  or  Anesthetic  Substances 
on,  xxix.  464 ;  of  Epidermic  Layers 
of  Skin  (Thomson),  xxvii.  p.  xvii ; 
of  Fissure  of  Rolando,  xxv.  6 ;  of 
Gyri  and  Sulci  on  Surface  of  Island 
of  Reil  of  Human  Brain  (Cunning- 
ham), XXV.  338-348  ;  of  Hen's  Eggs, 
influence  of  Magnetism  on,  xxix. 
346  ;  of  Intervertebral  Disc  in  Sheep 
(Carlier),  xxiv.  578-584  ;  of  Larynx, 
xxvi.  280 ;  of  Lungs  of  Rats  and 
Mice  (Robinson),  xxiii.  224-241 ;  of 
Nasal  Cavity,  Lachrymal  Duct,  and 
Harderiau  Gland  in  Orocodiltts  poro- 
«tw  (Meek),  xxvii.  151-160  ;  of  Ovum 
in  Annelid  (Beddard),  xxiL  9-14  ; 
of  Palate  and  Epiglottis  (Bowles), 

XXI II.  p.  xlx  ;  of  Scrotum  and  In- 
guinal Canal,  including  Cremaster, 
xxii.  607  ;  of  Second  Cervical  Verte- 
bra, xxviii.  257 ;  of  Silkworms,  In- 
fluence of  Magnetism  on,  xxix.  848  ; 
of  Skeleton  of  Fore-limb  of  Horse, 
xxviii.  287  ;  of  Skeleton  of  Limbs  of 
Horse,  with  Observations  on  Poly- 
dactyly (Ewart),  xxviii.  286-256, 
842-369  ;  of  Sylvian  Fissure  (Beer), 

XXIV.  p.  ix  ;  of  Taste-organs  of  Man 
(Tuckermau),  xxiii.  559-582;  of 
the  Testis  (Lock wood),  xxiu  88-77, 
461-478,  505-541  ;  of  Trout  Ova, 
Influence  of  Electricity  and  Mag- 
netism on,  xxix.  850 ;  of  Tubuli 
Seminiferi,  xxii.  62 ;  and  Structure 
of  Whale.  I.  Development  of  Dol- 
phin (Guldbergand^Nansen)  (Notice), 
xxix.  471 ;  and  Variations  of  Atla^ 
(Macalister),  xxvii.  519-542,  p. 
xxxviii. 

Dextrocardia,  xxix.  466. 

Dextrose,  xxix.  198. 

Diabetes,     Pancreatic,     Experimental 


Pathological  Evidence  Proving  Ex- 
istence of  (Harley).  xxvi.  204-219. 

Diadema  parasitic  on  MegapUra,  xxiu 
124. 

Dialysis  of  Proteid  Hydrochlorides;, 
xxvii.  219. 

Diaphragmatic  Hernia,  xxv.  441 
(Paterson),  xxix.  pp.  xxl-xxiii. 

Diarthrodial  joints.  Development  of 
(Hepburn),  xxvii.  p.  ix ;  in  Birda 
and  Mammal  (Hepburn),  zzilL  (>07- 
522. 

Diastatic  Enzyme  in  Glycerine  Ex- 
tracts of  Bacteria,  Presence  of,  xxvi. 
420  et  seq. 

Dicepkalus,  xxx.  456 ;  dibrachiusj 
Spinal  Cord  in,  xxv.  439  ;  tri- 
brctehitu,  xxx.  256. 

Dicholophif  xxix.  26. 

Dichotomy,  xxvii.  p.  xiv  ;  xxviii.  89. 

Dicotyles,  Brain  of,  xxv.  IZ^et  teq. 

Dicrotism,  xxiv.  445;  Cause  of,  xxiv. 
452. 

DicynodorUia^  xxvi.  403. 

Dicynodontoid  Reptiles,  Shoulder- 
girdle  of  (Howes),  xxvi.  408-405. 

Didelphia,  Heart  of,  xxiii.  258  ; 
Shoulder-girdle  in,  xxi.  192, 194. 

DidelphySj  Brain  of,  xxvii.  73  et  seq.  ; 
xxx.  185  et  seq.  ;  virginianaf  xxv. 
1 18  (note) ;  Mamnue  of,  xxv. 
235  ;  Middle  Sacral  Artery  in, 
xxx.  500 ;  Muscles  of,  xxiv.  75 ; 
Plurality  of  Benal  Arteries  in, 
xxviii,   286 ;  Tarsus  of,   xxiii.  246. 

Diemyctj/lus  virideseens,  Brain  of 
xxviii.  382. 

Diffraction  of  Light,  xxv.  p.  xiv. 

Diffused  Lipomata,  xxvi.  564 ;  Myo- 
mata,  xxvi.  565. 

Diffusion  of  Different  Proteids,  xxvii. 
215. 

Digastric  Muscle  arising  from  Hori- 
zontal Ramos  of  Inferior  Maxilla 
(Reid),  xxi.  78. 

Digestion,  Natural,  xxviL  222;of  Albu> 
menoids,  xxi.  845 ;  of  Proteids  in 
Stomach  (Gillespie),  xxviL  195-223 
of  Starch,  xxi.  853. 

Digestive  Organs  of  Hyiena,  xxiii.  91 
Tract,    Behaviour    of    Bacteria   in 
(Macfadyen),  xxi.  227-238,418-437 
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of  Tuberculoas  Peacock,  zziii.  645  ; 

of  Tuberculous  Snake,  xxiii.  643. 
Digital  Bones  of  Mysticeivs  and  Balcm- 

cpUra  mtisculua,  zxix.  172  et  aeq.  ; 

Joints  of  Amphibia f  xxviiL  844  ;  of 

Whales,  zxii.  255  ;  and  Cartilages  of 

Fin-whales,  xxix.  178  et  seq, 
Digitalin,  Action  of,   on  Non-striped 

Muscle,  xxiv.  207. 
Digits,   Additional,  xxviii.  26 ;  xxix. 

468  ;    II  and  IV  in  Horse,  xxviii. 

844  ;  of  Delphinapterus^  xxx.  146  ; 

of  MegapUra,  xxii.  254. 
Diglossns,  xxviii.  29. 
Dignathia,  xxviii.  26. 
Dilatation  of  Lateral  Sinus  causing  Ex- 
cavations in  Skull  (Griinbaum),  xxv. 

p.  xi  ;  and  Hypertrophy  from  Valvu- 
lar Disease,  xiiL  48. 
Diodon,  Soilnds  Emitted  by,  xxix.  407  ; 

hystrix,  xxix.  408,  538  ;  rivtUaris, 

xxix.  408  (note). 
Vinomis,  Trochanter  Minor  in,  xxiii. 

80. 
Dinosauriaj  xxvL  396  ;    Sacrum    of, 

xxvii.  550. 
Diomedia  hraehyuray  Heads  of,  xxiii.  1. 
Dion  hystrix,  xxix.  120  (note). 
Diphallus,  xxvi.  438  ;  xxviii.  29  ;  xxx. 

458. 
Diphtheria,  xxi.  256. 
Diplopia,  Nature  of  (Stuart),  xxv.  297- 

298. 
Dipnoi,  Genital  Organs  in,  xxi.  189  ; 

Heart  in,  xxi.   15 ;  Respiration  iu, 

xxix.  136. 
Diprasopits  triophthcUmtu,  xxx.  456. 
Dipygvs  parasiticus,  xxviii.  373. 
Direct  Oblique  Vision,  xxi.  21. 
Disease,  Evolution  and  Affinity  of  (Le 

Gros  Clark),  xxi.  239-263. 
Diseases   of   Nerves  (Bowlby),  xxiv. 

472-474. 
Dislocation  of   the  Hip  (Humphry), 

xxi.  331 ;  Congenital  (Targett),  xxx. 

p.  X  ;  of  Large  Intestine,  xxix.  465. 
Dispirem  Stage,  xxiv.  276. 
Dbplaced    and     Immovable    Kidney 

(Farquharson),  xxviii.  303,  804. 
Dissecting  Eyeball,  Easy  Method  of 

(Duncan),  xxiv.  699,  600. 
Dissection   of    Brain    of  Chimpanzee 


(D wight)  (Notice),  xxx.  318  ;  of 
DelphinapteniSf  xxx.  131 ;  of  Flat- 
foot,  xxv.  102-104  ;  of  Symelian 
Monster,  xxv.  202-209. 

Dissections  Illustrated  (Brodie) 
(Notice),  xxvii.  565  ;  preparation  of 
(Struthers),  xzii.  p.  x. 

Dissimilarities  between  Blood  and 
MUk,  xxix.  199. 

Distonium,  Caeca  of,  xxv.  175. 

Distribucion  Geografica  del  Indice 
Cefalico  en  Espaika  (Oloriz)  (Notice), 
xxix.  472. 

Distribution  of  Cutaneous  Nerves  to 
Lower  Limb,  xxviii.  175  ;  of  Nerves 
of  Lumbo-sacral  Plexus,  xxviii.  168  ; 
of  Nerves  to  Muscles  in  Lower  Limb, 
xxviii  176  ;  of  Nerves  to  Perineum, 
xxviii.  184  ;  of  Spinal  Nerves  (Pater- 
son),  xxx.  530-538,  p.  xxi;  and 
Origin  of  Nerves  of  Lower  Limb 
(Paterson),  xxviii.  84-95,  169-193. 

Disturbance  of  Development  of  Area 
Vasculosa,  Besults  of,  xxvii.  448. 

Divers,  Osteology  of,  xxiii.  1,  22;  xxiv. 
169  et  seq,  ;  Affinities  of,  xxv.  74. 

Diverticula  in  Branchial  Fistulee,  xxvii. 
418;  of  Heart,  xxix.  466;  etc. 
(Bland  Sutton),  xxi.  289-298. 

Diverticulum  Ilei,  Occurrence  of,  xxvi. 
76,  91  ;  (Buchanan),  xxvii.  559-563  ; 
Retropharyngeum,  xxiii.  612. 

Divided  Parietal  Bone  (Curnow),  xxvii. 
p.  xii. 

Diving  Birds,  xxiii.  3. 

Division  of  Nose,  xxvi.  434. 

Dixon,  A.  F.,  Microscopic  Reconstruc- 
tion, zzviii.  p.  xvii ;  Abnormal 
Distribution  of  the  Nervus  Dorsalis 
Scapulse,  and  of  Certain  of  the  Inter- 
costal Nerves,  xxx.  209,  210  ;  Ossifi- 
cation of  Third  Trochanter  in  Man, 
XXX.  502-504. 

Dog,  Absence  of  Stylo-hyoid  in,  xxiii. 
92  ;  Action  of  Curarine  on,  xxv.  42 
et  seq. ;  Action  of  Nitrate  of  Sodium 
on,  xxii.  232  ;  Anatomy  of,  xxiii. 
188 ;  Brain  of,  xxii.  562  et  seq.  ; 
xxv.  108  ;  xxix.  287  et  seq.  ;  xxx.  3 
et  seq, ,  157  ;  Cells  of  Spinal  Cord  of, 
xxix.  105  ;  Cranial  Nerves  of,  xxiii. 
437 ;  Digestive  Tube  of,  xxx.  349  ; 
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£ffeot  of  Castration  on  Proatate  of, 
zziv.  32,  33  ;  Elbow-joint  of,  xxz. 
369  ei  seq.  ;  Experiments  on  Bladder 
of,  zxiz.  261 ;  Experiments  on  Blood 
of,  zxv.  491  ;  -Experiments  on  Brain 
of,  xxvL  568  ;  on  Testicles  of,  zxvii. 
486;    on  Thyroid  of,   xxvii.    161; 
Five  and  Six  Toed,  zziiL  247  ;  Gas- 
tric Glands  of,  zziv.  189  ;  Gustatory 
Organs  of,  zxiii.  205  ;  Hair  of,  Nerve 
Ending  on,  xxvii.  225  et  seq. ;  Jacob- 
son's  Organ  in,  zzvi  372  ;  Lateral 
Cutaneous    Nerve    in,    xxiii.    219 ; 
Ligature  of  Spermatic  Vessels  in, 
xxz.    83    et   seq,  ;  Living    without 
Stomach,     xxvii.     196 ;    Muscular 
Nerve  Supply  in,  xxiii.  207  et  seq.  ; 
Nerves  of  Bladder  and  Urethra  of, 
xxix.  62  ;  Olfactory  Organ  of,  xxviii. 
387  ;  Peritoneum  of,  xxz.  853  ;  Re- 
tained Testes  in,  zzviii.  217  ;  Struc- 
tural Changes  in  Testicle  of,  when 
placed    within    Abdominal    Cavity 
(Griffiths),    xxvii.    488-500;    tem- 
perature of,  XXV.  380  ;  Undescended 
Testicles  in,   xxvii.  493 ;  Vertebne 
of,  xxiv.   121  ;  Visceral  Nerves  in, 
xxii.  380  et  seq. 
Dog-fish,  Olfactory  Organ  of,  xxviii. 

3S8  et  seq. ;  Skull  of,  xxiL  82. 
Dogiel,   A.  S.,  Zur  Frage  ueber  das 
Yerhalten  der  Nervenzellen  zn  ein- 
ander  (Notice),  xxviii.  380. 
DolichonyXf  xxii.  309  et  seq. 

oryzivoruSf  xxii.  318. 

Dolphin,  Limb  Plexsues  in,  xxL  620 ; 
Nerves  of,  xxiii.  288 ;  Olfactory 
Organs  of,  xxv.  106 ;  Common, 
Stomach  of,  xxiii.  478,  489  ;  Risso's, 
Viscera  of  (Turner),  xxvi  258-270  ; 
AVhite-beaked,  Stomach  of,  zxiii. 
482,  489. 
Donaldson,  H.  H.,  Preliminary  Obser- 
vations on  some  changes  caused  in 
Nervous  Tissues  by  Reagents  com- 
monly employed  to  harden  them 
(Notice),  xxviii.  380. 
DoraSf  xxix.  404  et  seq. ;  Sound  Produc- 
tion in,  xxix.  116  (note)  et  seq,,  211. 
Doras  crocodilif  dorscUis,  hancockii^ 
heckeliif  xxix.  519;  maeulatttSf  xxix. 
120  (note),  122  et  seq.^  526  et  seq. 


Dorking  Fowl.    See  FowL 
Dormouse,     Temperature     of, 

881. 
Dorsal  istragalo-metatamJ  Ligament, 
xxviii.  155. 

Fin  of  Megaptera,  xxii  114  ;  of 

SUurmdoe,  xxix.  207.  Rudimen- 
tary of  Delphinapterus,  xxz.  127 ; 
Vertebra,  deficiency  of  left  half  of 
(Reid),  XXL  76-78. 

Double  Branchial  Cartilage,  zzvlL  418; 
Clitoris,  xxvii.  417  ;  Embryo  Chick,. 
xxviii.  372;  (Mitchell)  xxv.  SIB- 
324 ;  Monstrosity,  xziz.  469  ; 
(Windle)  zxviiL  25-45 ;  Origin  of 
(Windle),  xxiii.  890-399;  Right 
Parietal  Bone  in  Anstralian  Skull 
(Turner),  xxv.  478,  474 ;  Superior 
Vena  Cava,  with  left«ided  arrange- 
ment of  the  Azygos  Veins*(Howden), 
xxi.  72-75 ;  Ureter,  xxvii.  p.  vi; 
Vagina,  xxvii.  417. 

Doubling  of  Spinal  Cord,  xxvi.  482 ; 
of  Superior  and  Inferior  Cavse,  xxix. 
466. 

Douglas,  Dr  K.  M.,  Anatomy  of  Trans- 
versalis  Muscle,  and  its  relation  to 
Inguinal  Hernia  xxiv.  220-226. 

Douglas'  Pouch,  sub-division  of,  into 
three  Fosse  (KaufTmann),  zxvii. 
557,  558. 

Dove,  Tubercle  in,  xxiv.  520. 

Dovekie,  xxiii.  5,  xziv.  113. 

Downie,  W.,  Unnamed  Supernumerary 
Nasal  Cartilages,  xxviL  181,  182. 

Drawings,  Accurate,  Method  of  Mak- 
ing, xxv.  300,  301 ;  of  Brain  (Wil- 
son), xxviii.*  228-235. 

Dropsical  Condition  of  AxoloU.  (Bland 
Sutton),  xxi.  670,  671. 

Drummond,  W.  R.,  Structure  of  Bone- 
marrow  in  relation  to  Blood-forma- 
tion, xxviii.  125-141. 

Dry  Cover-glass  Microscopical  Prepara- 
tions (Stirling),  xxiv.  160-166. 

Dryopithecus,  xxix.  426. 

Dubois' Description  of  Remains  recently 
found  in  Java,  named  by  him  PUhe- 
cavJtkropus  ereetus,  with  remarks  on 
so-called  Transitional  Forms  between 
Apes  and  Man  (Turner),  xxix.  424- 
445. 
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Dock,  with  Limb  connected  with 
Head,  xxviii.  88. 

Duckworth,  W.  L.  H.,  Crania  of 
Aboriginal  Australians  in  Cambridge 
University  Museum  (Notice),  xxiz. 
142-144 ;  Two  Skulls  from  Nagyr 
(Notice),  xxix.  142-144  ;  Variations 
in  Crania  of  Oorilia  savageif  xxix. 
885-845. 

Dnot,  Thyreo-glossal  (Kanthack),  xxv. 
155-165. 

Ductus  Arteriosus,  varieties  of,  xxi. 
P9  ;  Lingualis,  xxv.  156  ;  xxix.  235  ; 
Pneamaticus  of  Clupeoid  Fislies, 
xxvi.  28  ;  of  Siluroidce,  xxix.  120  ; 
Thyreoideas,  xxv.  156. 

Duggan,  C.  W.,  Coagulation  of  Egg 
and  Serum-albumen,  Yitellin,  and 
Serum-globulin  by  Heat,  xxiv.  288- 
806. 

Dugong,  Foetus  of  (Turner),  xxviil.  315. 

Dumb-bell-shaped  Bone  in  Omitho- 
rhynchuSt  xxx.  420-432. 

Duncan,  H.,  Easy  Method  of  Dissect- 
ing Eyeball,  xxiv.  599-600. 

Duodenal  Contents  in  Camivorai  xxv. 
398  ;  Pouches  (Rolleston),  xxviii. 
pp  vi.  xii. 

Duodenum,  Position  of,  xxvii.  271  ; 
Transposition  of,  xxix.  467 ;  of 
Delphinua  albirostriSf  xxiii.  488  ;  of 
Delphinus  delphis,  xxiii.  480 ;  of 
Hedgehog,  Histology  of,  xxvii. 
100  ;  of  Eyperoodon,  xxiii.  473  ;  of 
Mieropteron,  xxiii.  469  ;  of  Monodon, 
xxiii.  486 ;  of  Tuberculous  Bam 
Owl,  xxiii.  647. 

Duplex  Monsters,  xxvi.  432. 

Duplicitas  Posterior,  xxvii.  p.  xiv. 

Duplicity,  xxix.  469,  xxx.  455 ; 
Minor  Forms  of,  xxviii.  25 ;  of 
Digits,  xxviii.  26  ;  of  Foot,  xxviii. 
80  ;  of  Limbs,  xxviii.  29 ;  of  Nose, 
xxviiL  29  ;  of  Penis,  xxviii.  29  ;  of 
Pituitary  Body,  Sella  .  Turcica, 
Crista  Galli,  and  Cribriform  Plates, 
xxviii  29  ;  of  Part  of  Spinal  Cord, 
xxviii.  271 ;  of  Tongue,  xxviii.  29  ; 
of  .Vastus  Extemus,  xxii.  96. 

Dura  Mater  Surrounding  Inferior 
Maxillary  Nerve,  Belation  of,  to 
Temporo  -  maxillary      Articulation 


(Fawcett),  xxvii.  179 ;  of  Micro- 
cephalic, xxviii.  424. 

Duval's  Accessory  Nucleus  of  Hypo- 
glossal Nerve,  xxix.  8. 

Dwarfs,  xxvii.  417. 

Dwight,  Prof.  Thomas,  Account  of 
two  Spines  with  Cervical  Ribs,  one 
of  which  has  a  Vertebra  suppressed, 
and  absence  of  Anterior  Arch  of 
Atlas,  xxi.  589-550  ;  Notes  on  Mus- 
cular Abnormalities,  xxii.  96-102  ; 
Significance  of  Third  Trochanter  and 
of  similar  Bony  Processes  in  Man, 
xxiv.  61-68  ;  Sternum  as  Index  of 
Sex,  Height,  and  Age,  xxiv.  627- 
585 ;  Irregular  Union  of  First  and 
Second  Pieces  of  Sternum  in  Man 
and  Apes,  xxiv.  536-542 ;  Absence 
of  Right  Kidney,  xxix.  18,  19  ;  Dis- 
section of  Brain  of  Chimpanzee 
(Notice),  xxx.  818. 

Dyaster,  xxiv.  276. 

Ear,  Cleft  Lobule  of,  xxv.  488  ;  Out- 
standing, xxvii.  419  ;  of  Clwpea 
cUosa,  xxvi.  26  ;  of  Clupeoid  Fishes, 
xxvi.  88 ;  of  Elephant,  Skin  of, 
xxiv.  495  ;  of  Herring,  xxvi.  26. 

Eared  Seal,  Brain  of,  xvii.  577. 

Ear-hole  of  MegapUra,  xxii.  122 ;  and 
Passage  of  DelphinaptertiSf  xxx.  130. 

Early  Malformations  of  £mbr3*o 
(Windle),  xxvii.  436-458. 

Ears  of  Pigs,  Rudimentary,  Muscles 
of  (Stuart),  xxv.  801-303  ;  Super- 
numerary, in  Calf,  xxviii.  29. 

Ecchondroais  of  Vertebra,  xxviii.  871. 

Eccles,  W.  M'A.,  Bifurcation  of  Rib 
and  Costal  Cartilager,  xxviiL  p.  ix. 

Echidna^  Acromion  of,  xxvi.  405 ; 
Brain  of,  xxv.  107  et  aeq,,  xxvi.  357 
et  9eq.,  xxvii.  70  et  seg.,  xxx.  160  et 
9eq.t  187  et  seq.y  467,  p.  xx  ;  Coraco- 
brachialis  of,  xxi.  119  ;  Intra- 
narial  Epiglottis  in,  xxiii.  591  ; 
Jacobson's  Organ  in,  xxvi.  871, 
xxx.  71  ;  Larynx  of,  xxiii.  269 ; 
Mamm»  of,  xxv.  226  et  seq.; 
Muscles  of,  xxiv.  75 ;  Pectoral 
Limb,  Girdle  of,  xxi.  365  ;  Sacrum 
of,  xxvii.  547  ;  Shoudler-girdle  of, 
xxi.     196;    Skull    of,     xxi.    865; 
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acicUata  var.  setosa,  Pelyis  of,  xxvii. 
654  ;  hystriXf  Cerebral  Hemispheres 
of  (Turner),  xxvi.  pp.vii-yiii ; 
Temperature  of,  zzv.  381. 

Echinus,  Embryology  of,  zzni.  416. 

"  Eclipse  "  (Racehorse),  Metacarpal 
Bones  of,  xzviii.  358  et  seq. 

Ecto-glenoid  Groove  of  Atlas,  zxvii. 
533. 

Ectopia  Yesicie,  xxvL  437  ;  (Sequira), 
XXX.  p.  iz;  with  Patent  Vitelline  duct 
(Sequira),  zxx.  362-368. 

Ectopia  Viscerum,  zzvi.  436  ;  Spina 
Bifida  and  Retroflezion  of  Trunk 
(Bryce),  xxiz.  553-5ti8. 

Ecto-rhinal  Fissure,  zzv.  106. 

Ectrodactyly,  zzvii.  422 ;  xzviii.  378. 

Ectromelia,  xxvii.  423. 

Eczema,  xxi.  247. 

Edentata,  zxiii.  589 ;  Brain  of,  xxii. 
554,  XXV.  120,  zzvii.  84,  xzz.  192 ; 
Foot  of,  xziiL  245 ;  Heart  of,  zziii. 
253  ;  Intra-narial  Larynges  in,  zziiL 
266  et  seq. ;  Muscles  of,  zxiv.  75. 

Edinburgh  Physiological  Laboratory, 
Notes  from  (Haynraft,  Carlier,  Sco- 
field),  xzii.  133,  184. 

Eilinger,  Dr  L.,  Zwo^f  Vorlcsnngen 
liber  den  Bau  der  nervosen  Gentral- 
organe  (Notice),  zzvi.  573 ;  Unter- 
suchungen  Uber  die  Vergleichende 
Anatomic  des  Gehirns  (Notice), 
xxvii.  290. 

Edington,  G.  H.,  Bile  Salts  (glyco-  and 
tauro-cholate  of  soda)  in  their  rela- 
tion to  the  Secretion  of  Urea,  etc, 
XXX.  215-237. 

Edwards,  W.,  Ligation  of  Great 
Arteries  in  Continuity,  with  Obser- 
vations on  Nature  and  Treatment  of 
Aneurism  (Notice),  xxvi.  574,  575. 

Eel,  Cardiac  Beat  in,  xxii.  3,  5  ;  Olfac- 
tory Organ  of,  xxviii.  892  ;  Swim- 
bladder  of,  xzz.  548  ;  Temperature 
of,  zzv.  376. 

Efferent  Fibres  of  Hypoglossal,  xziz. 
4. 

Egg  Albumen,  Coagulation  of,  zziv. 
289,  294  ;  and  Serum  Albumen  con- 
trasted, xzii.  134. 

Egfics,  Effect  of  Barometric  Pressure  on 
Development  of,  zziz.  463;  of  Ez- 
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posure  of,  to  Vapours  of  EtLyl, 
Methyl,  Propyl,  Butyl,  and  Amyl 
Alcohols,  xzz.  453 ;  of  Narcotic  or 
AnsBsthetic  Substances  on  Develop- 

•  ment  of,   zziz.    464 ;    of   Shaking 
before    Incubation,    zzz.    458 ;     of 
Temperature  on,  zzz.  453  ;  Inflnence 
of  Magnetism  on,  zzix.  346. 
Egil"(Pony),  Limb-bones  of,  zxTiii. 
352  et  Mq, 

Ehrlich-Biondi  Fluid,  zziv.  162. 

Ehrlich's  Method,  zzv.  258;  Stain, 
zziv.  161. 

Etchholz,  A.,  Racial  Variation  in 
Length  of  Palate  Process  of  Maxilla, 
xzvi.  538-542,  p.  zxiv;  Morphology  of 
Limb  arteries  in  Vertebrates,  with 
especial  reference  to  Disposition  in 
Human  Subject,  xxvii.  877-401, 
p.  xxxiv. 

"  Eichorst's  Corpuscles,"  xzv.  487. 

Eisler,  Dr  P.,  Das  Gefass  und  Peri- 
phere  Nervensystem  des  Gonlla 
(Notice),  xxiv.  61L 

Elaphidce,  Organ  of  Jacobson  in,  xzx. 
78. 

Elasmobranehs,  Liver  of,  xzv.  178 
et  seq.;  Urino-geuital  Organs  of, 
zziv.  407 ;  Hermaphroditism  in, 
zzi.  185 ;  Ovary  in,  zzL  178 ;  Dts- 
velopment  of  Vagus  in,  zxiL  874  ; 
Vagus  in,  xxiii.  428  et  seq. 

Elastic  Fibres,  Methods  of  Staining, 
xxiv.  604. 

"  Elastic  Spring"  Apparatus  and  Ex- 
trinsic Muscles  of  Air-bladder  of 
Siluraidcs,  Production  of  Sounds  by 
(Sorensen),  xxix.  109-139,  205-229, 
399-423,  518-552. 

Elbow,  Contraction  of,  xxviii.  461  ; 
Ligaments  of,  in  Otarrhine  Mon- 
keys, xxviii  163. 

Joint   (Cunningham),    xxiii. 

p.  xxii ;  some  Structures  in  (Comer), 
XXX.  369-376  ;  of  Megaptera,  xxii. 
251. 

Electrical  Stimuli,  Action  of,  on  Non- 
striped  Muscle,  xxiv.  201. 

Electricity,  Effect  of,  on  Developing 
Eggs,  xxvii.  444  ;  Influence  of,  on 
Development  of  Trout  Ova,  xxix. 
350. 
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"  Elementftrkoi-percben  "  or  ''  Elemen- 
tarblasehen,"  xxy.  260. 

Elephant,  Brain  of,  zxix.  287  ;  Digital 
Bones  of,  zxvlii.  59 ;  Histology  of 
Skin  of  (Smith),  xxiv.  493-503; 
Larynx  of,  xxiii.  269 ;  Mamme  of, 
xxr.  227 ;  Nerves  of,  xxv.  85 ; 
Testes  of,  xxviii  209  ;  Indian, 
Brain  of,  xxv.  125  (note) ;  Ovary  of, 
xxi.  172,  175  ;  Muscles  of,  xxiv. 
76  ;  Seal,  Brain  of,  xxii.  554  ; 
Pineal  Body  of,  xxii.  801. 

Elephantiasis  and  Filaiia,  xxi.  252. 

El&phas  Primigenitts,  xxix.  427. 

Elk,  American,  Heart  of,  xxiii.  253. 

Ellis,  T.  S.,  Human  Foot,  its  Form 
and  Structure,  Functions  and  Cloth- 
ing (Notice),  xxiv.  614. 

El  worthy.  Abnormalities  in  Hepatic 
Artery  and  Intestine  Supplied  by  it, 
xxv.  p.  vi. 

Embedding  Tissues,  xxv.  279. 

Embryo,  Atrophic,  xxix.  465 ;  Early 
Malformations  of  (Windle)^  xxvii. 
436-458  ;  Head,  Human,  Showing 
Gasserian  Ganglion,  etc.  (Dixon), 
XXVIII.  p.  xviii. ;  Phalanges  of,  xxiiL 
511  ;  of  Babbit,  Atrophic,  xxvii. 
415  ;  of  Rat,  Spinal  Nerves  in,  xxi. 
680 ;  with  Defective  Formation  of 
Amnion,  xxix.  464. 

Embryology  of  Mammalia,  xxi.  868. 

Embryonic  Belation  of  Fibula  to 
Femur  (Grttnbanm),  xxvi.  p.  xx ; 
Shield,  xxiv.  4. 

Embryos,  Nodular,  xxviii.  870  ;  Verte- 
brate, Photographs  of,  xxviii.  p.  vi. 

Embryotomy  of  Bats  and  Mice,  xxiii. 
224  et  seq, 

Eminentia  Collateralis,  Variations  in, 
xxii.  285. 

Encephalocele,  xxv.  440 ;  xxvi.  483 ; 
xxix.  469. 

Endoplast,  xxiv.  269. 

Engraviis  encraaieholui,  xxvi.  26  et  $eq, 

Entellus  Monkey,  Limb-plexuses  of, 
xxi.  618  et  aeq, 

Ento-glenoid  fossa  of  Atlas,  xxvii.  588. 

£niomodraca,  Geca  of,  xxv.  178. 

Entstehung  der  Windungen  des  Gross- 
hims  (Schnopfhsgen)  (Notice),  xxv. 
581-582. 


Enzymes  Produced  by  Bacteria,  Nature 
and  Action  of  (Macfadyen),  xxvi. 
409-429. 

Epiblast,  xxvi  809  ;  of  Double  Em- 
bryo Chick,  xxv.  818. 

Epibranchials  of  Puffins,  xxiv.  98. 

Epidermic  Covering  of  Hedgehog,  xxvii. 
169 ;  Layers  of  Skin,  Development 
of  (Thomson),  xxvii.  p.  xvii. 

Epididymis,  xxii.  72  ;  Cysts  of,  xxviii. 
110  ;  of  Eunuchoid  Persons,  xxviii. 
222. 

Epiglottis,  xxiii.  257  ;  Intra-narial,  in 
Babbit  (Howes),  xxiiL  268-272,  pp. 
viii,  xlx ;  Additional  Observations 
on  (Howes),  xxiii.  587-597  ;  List  of 
Mammals  which  have  it,  xxiii.  595- 
597  ;  and  Nares  (Symington),  xxiii. 
p.  xxii ;  Mammalian  (Bowles),  xxiii. 
606-615,  p.  xix ;  Position  of,  in 
Swallowing,  xxvi.  281-238  ;  Verglei- 
ohendanatomische  Studien  (Gegen- 
baur),  (Notice),  xxvii.  564 ;  of  Grey 
Seal,  XXX.  494  ;  of  Hyaena^  xxiii.  92. 

E^gnathns,  xxviii.  29,  xxx.  457. 

Epilepsy  Complicating  Nerve-injury, 
xxiv.  478. 

Epileptic,  Braia  of  (Turner),  xxv. 
327-887. 

Epiphysis,  ITnunited  (Windle),  xxiv. 
p.  viii  ;  of  Acromion,  xxvii.  249  ; 
Cerebri  in  the  Brains  of  the  Walrus 
and  Seals  (Turner),  xxii.  800-808. 

Epithelial  Cells,  Isolated,  Preparation 
of,  xxiv.  602  ;  Pearls  in  Foetuses  and 
Infants  (Kanthack),  xxvi.  501-508. 

Epithelium,  Dry  Microscopical  Pre- 
parations of,  xxiv.  162. 

Epoophoron  of  Waldeyer,  xxii.  72. 

Epoque  Ebum^nne  et  les  Races 
Humaines  de  la  PMode  Glyptique 
(Piette)  (Notice),  xxix.  141,  144. 

Epulis,  xxvL  565. 

Equidoi,  Third  Phalanx  of,  xxviii.  843. 

Eqtttu,  Brain  of,  xxv.  186  ;  burehelH, 
Absence  of  Middle  Sacral  Artery  iu, 
xxx.  500. 

Erethrizon,  Muscles  of,  xxiv.  76 ;  epi- 
xanthus,  Myology  of  (Windle),  xxii. 
126-182. 

ErinaeetkB,  xxiv.  p.  xix ;  Brain  of,  xxx. 
1 ;  Laiynx  of,  xxiii.  269  ;  Europaus, 
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Absence  of  Middle  Sacral  Artery  in, 
XXX.  600  ;  Brain  of,xxy.  110  etseq., 
xxvii.  70  et  seq, ;  Histology  of,  xxvii. 
85-111,  109-178  ;  Testes  of,  xxviii. 
210. 

Erodii,  xxix.  22. 

Erosion  of  Calcnli  in  the  Bladder,  xxx. 
310. 

Errors  in  Description  of  Brachialis 
Auticas  Muscle,  xxii.  p.  ii. 

Erysipelas,  xxi.  258. 

Erythriniu,  Air  Bladder  in,  xxix.  129. 

Erythroblasts,  xxviii.  128. 

Esoz  luciua,  Cranial  Nerres  of,  xxix. 
353. 

Ethmoidal  Cells,  Apertures  of,  xxviii. 
76. 

Ethnography  of  Inishbofin  and  Inish- 
shark,  County  Gal  way  (Browne) 
(Notice),  xxix.  141,  142;  of  Aran 
Islands,  County  Gal  way  (Haddon 
and  Browne)  (Notice),  xxix.  141, 
142. 

Ethyl  Nitrite,  AcUou  of,  xxii.  358. 

Etude  sur  lea  Variations  Morpho- 
logiques  du  Corps  du  Femur  dans 
I'Esp^ce  Humaine  (Manouvrier) 
(Notice),  xxix.  142,  144. 

EuanemioSf  xxix.  211,  421. 

EudyptosUmum^  xxix.  402. 

EudrUns  hoyeri,  Ovary  of,  xxii.  10  ; 
sylvicolat  Ovum  of  (Beddard),  xxii. 
9-14. 

Eumetopias  einereus,  Bones  of  Foot  of, 
xxiiL  246. 

Eunuchoid  Persons,  Testes  and  Pro- 
state in  (Griffiths),  xxviii.  221-227. 

Euphraettis  villcstts,  xxv.  120  (note). 

Europeans,  Lumbar  Sagitto  •  vertical 
Index  of,  xxi  v.  126. 

Eurypyga,  xxix.  23  et  seq. 

Eustachian  Valve  of  Hyoena,  xxiii.  100. 

EtUheria,  xxiii.  689,  xxvi.  871  ;  An- 
atomy of,  xxx.  466  ;  Brain  of,  xxx. 
157,  186  H  aeq.;  Limbic  Lobe  in, 
xxx.  198. 

Everaion  of  Foot,  xxii.  411. 

Evolution  of  Warm-blooded  Verte- 
brates, Theory  of  (White),  xxv,  374- 
886 ;  and  Affinity  of  Disease  (Le 
Gros  Clark),  xxi  139-163. 

Ewart,  Prof.  J.  C,  on  the. Spiracles  of 


the  Porbeagle  Shark  {Lamna  cormM- 
biea\  xxiv.  •  227-229  ;  Development 
of  Skeleton  of  Limbs  of  Horse,  with 
Observations  on  Polydactyly,  xxviii. 
236-266,  842-369. 

Excavations  in  Skull  due  to  Dilata- 
tions of  Lateral  Sinus  (Griinbaam), 
xxv.  p.  xi. 

Excretion  of  Nitrite  of  Sodium,  xxii. 
856. 

Exocoettu  volitans,  xxix.  628. 

Exostoma,  xxix.  402. 

Experiments  Illustrative  of  Sympto- 
matology and  Degenerations  follow- 
ing Lesions  of  Cerebellnm,  und  its 
Peduncles  and  Related  Structures  in 
Monkeys  (Ferrier  and  Turner) 
(Notice),  xxviiL  382;  on  Cranio- 
oerabral  Topography,  xxiii.  455- 
465;  on  Rabbit  Embryos,  zxrii. 
448 ;  on  Testicles  of  Dogs,  xxvii. 
486. 

Extensibility  of  Muscle  (Brodie),  xxix. 
867-388. 

Extension,  Obliquity  of  Arm  of  Female 
in  (Potter),  xxix.  488-491  ;  and 
Flexion  of  Ankle  (Humphry)  xviit. 

p.  XV. 

External  Appearances  of  Grey  Seal 
(Hepburn),  xxx.  413. 

External  Astragalo  •  caleanean  Liga- 
ments, xxx.  402  ;  Calcaneo-naricu- 
lar  Ligament,  xxx.  395  ;  Capsule, 
xxviii.  233  ;  Cbaracten  of  Delphin- 
apteriLSt  xxx.  126 ;  Genitalia  on 
Back,  xxvii.  422  ;  Female,  on  Back 
of  Man,  xxviii.  32;  Lateral  Liga- 
ment of  Ankle-joint,  xxviii.  153  ;  of 
Knee-joint  of  Quadrumana,  xxviiL 
167  ;  Organs  ot  Hyaena,  xxiii.  102. 

Eye  of  MegapUra,  xxii.  122. 

Eyeball,  Easy  Method  of  Dissecting 
(Duncan),  xxiv.  599-600 ;  Mode  of 
Demonstrating  Gross  Structure  of 
(Stuart),  xxv.  296-297  ;  Model  for 
Demonstrating  Action  of  Museles  of 
(Birch),  107-108. 

Eyelids,  Malformed,  xxviL  418 ;  of 
Gray  Seal,  xxx.  415. 

Eyes,  Relation  between  Convergence 
and  Accommodation  of  (MaddoxX 
xxi.  21-42. 
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Face  of  Adult  Dugong,  zxyiii.  324; 
Partial  Hypertrophyof  Side  of,xxyiii. 
375. 

Facets  on  Lower  Articular  Surface  of 
Tibia  and  Neck  of  Astragalus,  zxiii. 
624. 

Facial  Cleft,  xxvii.  418;  palsy,  zzz.  43. 

Ffecal  Fistula  of  Umbilicus,  zxyii.  421. 

Fallopian  Tube,  Abseiice  of  Lower  part 
of,  xzyii.  422 ;  of  HyceTia,  zxiii. 
101 ;  from  Ilacaeus  rheaus  and 
Cervua  eldi  (Sutton),  xxiv,  p.  zy. 

Faradisation  of  the  Heart,  zzi.  12, 
zxiL  6. 

Farquharson,  W.  F.,  Left  Kidney  Dis- 
placed and  Immoyable,  zzyiii.  303, 
804. 

Fascia,  Plantar,  of  DasyuruSt  zzi. 
214  ;  of  Scarpa,  zzyiii.  150 ;  Trans- 
yersalis,  xziy.  221 ;  Triangular,  zxii. 
547. 

Fasciculus  solitaris,  zziz.  8. 

Fat,  Action  of  Mastitis  Bacillus  on, 
zxy.  575 ;  Cells  of,  zziy.  255 ;  of 
Milk,  zziz.  193. 

Fat-digesting  Ferment,  zzi.  353. 

Fate  of  Nitroglycerine  in  the  System, 
zzii.  369. 

Fatty  Cushion  of  Forehead  of  Delphin- 
apteruSf  zzz.  129. 

Fawcett,  K,  Relation  of  Dura  Mater 
surrounding  Inferior  Maxillary 
Nenre  to  Tempore  •  maxillary  Ar- 
ticulation, zzyii.  179,  180 ;  An- 
atomical Notes,  zxyiii.  464  ;  Un- 
usual Mode  and  Site  of  Termination 
of  Sacral  Sympathetic  Cord,  zziz. 
329 ;  Structure  of  Inferior  Mazilla, 
with  Special  Reference  to  Position  of 
Inferior  Dental  Canal,  zziz.  355- 
366  ;  Morphology  of  Oblique  Radio- 
ulnar Ligament,  zziz.  494  -  497  ; 
Unusually  Large  Terminal  Vermi- 
form Appendiz  with  Recuryed  Small 
Conical  Csoum,  accompanied  by 
remarks  on  Peritoneal  Pouches,  zziz. 
498-500  ;  Origin  and  Intra-cranial 
Course  of  Ophthalmic  Artery  and 
Relationship  to  Optic  Nerye,  zzz. 
49-52;  Retinacuk  of  Weitbreoht, 
Function  of,  zxz.  53-58 ;  Abnormal- 
ity of  Hepatic  Artery  with  Ezplana- 


tion  of  the  Condition,  zxz.  206-208  ; 

What  is  Sibson's  Muscle  (Scalenus 

pleuralis)  ?  zzz.  433-436. 
Feeler  Hairs  on   Dog's  Nose,   Nerye 

ending  on,   zzyii.   225 ;    from  Oz, 

Nerye  Supply  of,  zzyii.  225. 
Feli<ias,  Brain  of,  zxy.  131 ;  Elbow  of, 

XXX.  369 ;  Digestiye  Tube  of,  zzx. 

349. 
Felia  domesiicut,  Brain  of,  zzii.  561 ; 

UOf  Gluteus  Quartus  in,  zzii.  552  ; 

pardcUis,     Skull     of,     zzz.     888 ; 

tigris,  Brain  of,  zzii.  561. 
Female  External  Genitalia  on  Back  of 

Man,  zzvii.  422,  zzyiii.  32;  Obli- 
quity   of    Arm    of,    in    Eztension 

(Potter),    zziz.    488-491;    Organs, 

Malformation    of    (Hepburn),    zzv. 

24-30. 
Feminism,  zxx.  452. 
Femoral  Sheath,  zxy.  80. 
Femur,  Angle  of  Neck  of,  with  Shaft 

(Humphry),    zzui.    273-282,    387- 

389. 
Ferguson,    Dr   J.,    Auditory  Ontre, 

zxy.  292-293. 
Ferment,  Amylolytic,  in  Stomach  of 

Pig  (Southall  and  Haycraft),  zziii. 

452-454 ;  Fat-digesting,  zzi.  353. 
Fermentation    Causing    Separation  of 

Oystin  (Delepine),  zziy.  346-348. 
Ferret,  Brain  of,  zzii.  561,  xzy.  127  ; 

Great  Omentum  of,  zzz.  355. 
Ferrier,  Prof.   D.,  Experiments  Illus- 

tratiye  of  Symptomatology  and  De- 
generations   following    Lesions    of 

Cerebellum  and  its  Peduncles  and 

Related     Structures     in     Monkeys 

(Notice),  zzyiii.  382. 
Feyers,  zxi.  247,  256. 
Fiber,  Anatomy  of,  zxx.  524  ;  ztbethi- 

CU8,  Gustatory  Organs  of,  zxiii.  205  ; 

Tongue    and    Gustatory  Organs  of 

(Tucker),  zzii.  135-141. 
Fibrin  in  Blood,  zziz.  198  ;  Staining 

of,  zziy.  601. 
Fibrin-fei-ment  Absent  in  Circulating 

Blood,  Ezperiments  showing  (Hay- 

craft),  zxii.  172-190. 
Fibrinous  Bodies  in  Joints,  zziy.  860. 
Fibro-adenomata,  zzy.  250  ;  Cartilage, 

zziy.  373  ;  Semilunar  of  Knee,  zziz. 
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390;  Bodies  in  Joints,  xxiv.  860, 
875. 

Fibroids,  xxiv.  244  ;  Periosteal,  xxvi. 
665 ;  Badio-ulnar,  xxiv.  876  ;  and 
Intervertebral  Discs  (Gleland),  xxiv. 
378-878. 

Fibrous-tiasne  Representation  of  Finger 
Muscles  in  JDelphinapUnUf  xxx.  153. 

Filaria  in  Elephantiasis,  xxi.  252. 

Fimbriae  propriee,  xxix.  8  et  aeq. 

Findlay,  J.  W. ,  Histological  Stnictare 
of  Olfactory  Organ,  xxviii.  887-400. 

Finkler  and  Prior's  Spirillum,  xxvi. 
411  e^  seq. 

Fin-whale,  Great,  Hind-limb  of 
(Struthers),  xxvii.  291-885;  Measnre- 
ments  of,  xxvii.  880  ;  Lesser,  Carpus 
of,  xxix.  145- ] 87  (Struthers);  Ster- 
num in,  xxix.  697. 

Finches,  xxii.  319  et  8eq, 

Finger,  bifid,  xxiii.  247  ;  Composed  of 
Three  Phalanges  with  Kail,  xxviii. 
88;  Multii>le,  xxiii.  248;  Nails, 
Abnormality  of  (Smith),  xxvL  406- 
408 ;  Supernumerary,  xxL  505, 
xxiii.  247;  Hereditary  Formation 
of  (Wilkie),  xxiv.  167,  168. 

Fire-toad.    See  Toad. 

First  Costo- vertebral  Joint  (Maoalister), 
xxvii.  252-256. 

Fish,  Olfactory  Organ  of,  xxviii.  887  ; 
Peritoneum  of,  xxx.  355  ;  Stimula- 
tion of  Vagus  in,  xxi.  9  ;  xxii.  2-4; 
Temperature  of,  xxv  376. 

Fishes,  Air-bladder  and  Ear  of  British 
Clupeoid,  xxvi.  26-42  ;  Malforma- 
tions in,  xxvii.  415  ;  Ovary  in,  xxi. 
178  ;  Unsynimetrical  Distribution  of 
Cranial  Nerves  of  (Collinge),  xxix. 
852-854;  Vagus  in,  xxiii.  428; 
Skeletons  of  (Thompson),  xxiii.  p. 
xxv. 
Fishing- frog,    Kidney    of,   xxiv.   419 

(note). 
Flssura  Amygdalina,  xxv.  215 ;  Ar- 
cuata,  xxiv.  310  et  aeq. ;  Broca,  xxv. 
215;  Cruciata,  xxv.  214;  Fosse 
Sylvii,  xxv.  215  ;  Frontalis  Externa, 
xxv.  214 ;  Hippocampi,  xxv.  112  ; 
Supra-sylvia  Posterior,  xxv.  129 ; 
Calcarine,  xxiv.  812,  827  ;  Different 
Forms  of,  xxiv.  329  ;  External  Cal- 


carine, xxiv.  822,  884;  External  Per- 
pendicular of  (Biscfaoff),  xxiv.  825, 
384;  Parieto-occipital,  xxiv.  312, 
327  ;  Different  Forms  of,  zxir.  829 ; 
of  Rolando,  xxiv.  186,  zxv.  139, 
213  ;  (Cunningham),  xxv.  1-23 ; 
Abnormal,  xxiv.  826  ;  Develojxnent 
of,  xxv.  5,  834;  Topography  of, 
xxv.  9 ;  Length  of,  xxv.  21  ;  of 
Sylvius,  xxiv.  136,  810,  xxv.  2  et 
Mq. ;  Development  of  (Beer),  xxiY.  p. 
ix ;  in  Primate  Brain  (Cunningfaam}, 
xxv.  286-291 ;  Topography  of,  zxv. 
288  ;  Wide  and  Shallow,  xxv.  328. 

Fissures,  Complete,  of  Human  Cere- 
brum (Cunningham),  xxiv.  809-345 ; 
Transitory,  xxiv.  812  ;  Oblilerstion 
of,  xxiv.  818 ;  on  Onter  Surface  of 
Hemisphere,  xxiv.  320 ;  on  Medial 
Wall  of  Hemisphere,  xxiv.  316; 
Relation  of,  to  Growth  of  Cerehral 
Hemispheres,  and  Mapping  oat  of 
Occipital  Lobe,  xxiv.  339. 

Fissnring  and  Fragmentation  of  Cal- 
culi, xxx.  307. 

Fistula  of  Umbilicus,  Fsecal,  xxtIL 
421 ;  Complete  Cervical  (Kanthack), 
xxvi.  197,  198. 

Fixed  Displacements  of  Kidney,  zxviiL 
202. 

Flamingo,  xxvi.  199. 

Flat-foot  (Humphry),  xxi.  155-162, 
xxv.  102. 

Flemmiug,  £.  E.,  Absence  of  Left 
Internal  Carotid,  xxix.  pp.  xxiii, 
xxiv. 

Flemming*8  Solution,  xxv.  267. 

Flexion,  Relation  of  Forearm  with 
Upper  Ann  in  (Potter),  xxix.  488- 
491  ;  and  Extension  of  Ankle 
(Humphry),  xxviif.  p.  xv. 

Flint,  Dr  A.,  Text-Book  of  Human 
Physiology  (Notice),  xxiv.  612. 

Floating  Kidney,  xxviii.  203. 

Flying-fish,  xxix.  528  (note). 

Flying-fox,  Intra-narial  Epiglottia  in, 
xxiii.  589. 

Foetal  Membranes  of  Dugong,  xxilL 
640. 

Foetal  Monsters,  Human  (Lawrence), 
XXTII.  p.  xiv  ;  Rachitis,  xxx.  452  ; 
Tumours,  xxvi  564. 
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Foetns  Amorphus  MylaceplialaSy  xxix. 
466 ;  Anencephalic,  Sectional  Ana- 
tomy of  (Ballantyne),  xzvi.  516- 
529 ;  Anenoephalous,  Myology  of 
(Windle),  xxvii.  848-353  ;  Tempera- 
ture of,  XXV.  882 ;  Tumour  in 
(Oliver),  xxi.  571-674;  the  Class 
Phocomelia,  xxvi.  431 ;  of  Halieore 
dugong  and  of  Manattu  senagO' 
feTWM  (Turner),  xxviii.  S 1 5-832  ;  of 
Macaeus  rhesus^  Cast  of,  xxvii. 
362 ;  of  Negro,  Skin  and  Scalp  of, 
XXV.  282-285. 

Foetuses,  Epithelial  Pearls  in  (Kan- 
thack),  xxvi.  501-508. 

Fold  of  Donglas,  xxi  v.  220. 

Foliate  Papillae  of  Vulpes  vulgaris^ 
xxiii.  203. 

Food  of  Delphinapterua,  xxx.  136. 

Foot,  Dorsal  Artery  of  (flensman), 
XXIII.  p.  xi ;  Duplicity  of,  xxviii.  80; 
Integumentary  Grooves  on  Sole  of 
(Hepburn),  xxvii.  112-130;  of 
Chimpanzee,  xxvii.  124  ;  of  Gibbon, 
xxvii.  122  ;  of  Gorillrt,  xxvii.  124 ; 
of  Man,  xxvii.  125  ;  of  Orang-utan, 
xxvii.  123. 

Foramen,  Cspcum  of  Tongue,  xxv.  155, 
158  ;  Histology  of,  xxv.  159  ;  Origin 
of,  xxv.  160  ;  and  Canal  of  His,  xxix. 
235 ;  Dental,  in  Megaptera,  xxiii.  364 ; 
Jugulare,  xxii.  30  ;  in  Punjab  Skulls, 
xxvii.  12 ;  Magnum,  xxii.  81  ; 
Ovale,  xxii.  80  ;  Patent,  xxiv.  423 
et  seq. ;  of  Sheep's  Heart,  Variations 
in  (Rowland),  xxviii.  809-312. 

Foramina,  in  Punjab  Skulls,  xxvii. 
12. 

Forearm,  Duplicity  of,  xxviii.  29  ;  of 
Megaptera^  xxii.  249. 

Fore-limb  of  Horse,  Development  of 
Skeleton  of,  xxviii.  237. 

Forked  Nerve  Endings  on  Hairs 
(Hoggan),  xxvii.  224-281. 

Form  of  Calculi,  xxx.  804. 

Formaldehyd  as  a  Preservative,  xxx. 
p.  xi. 

Formatio  Reticularis,  xxix.  10. 

Formation  of  Cetacean  Perineum  and 
Fibrous  Pelvic  Cavity,  xxvii.  299  ; 
of  Urinary  Calculi  (Humphry),  xxx. 
296-811  ;    and    Structure  of  Optic 


Nerve   and  its  Relation    to    Optic 
Stalk  (Robinson),  xxx.  819-383. 

Formed  Matter,  xxiv.  272. 

Fornix,  xxviii.  238,  234 ;  etc.,  Mor- 
phology of  (Smith),  xxx.  157-167, 
185-205. 

Fossa  Hypotrochanterica,  xxiv.  63 ; 
Ileo-Cffical,  xxvi.  184;  Ileo-colic,  xxvi. 
132  ;  Olfactory  of  Megaptera,  xxiii. 
885 ;  Pituitary,  of  Cepphits,  xxiii. 
417  ;  Sub-ceecal,  xxvi.  140  ;  Supra- 
Pubic  or  Supra-Vesical,  xxiv.  225  ; 
Temporal  of  MegapUra^  xxiii.  316  ; 
Transverse  Frontal  of  Megaptera^ 
xxiii.  820. 

Fosse  round  Ciecum,  and  Position  of 
Vermiform  Appendix,  with  Special 
Reference  to  Retro  -  Peritoneal 
Hernia  (Lockwood  and  Rolleston), 
xxvi.  180-148  ;  Crotaphyte  of 
Simorhynck7A9y  xxiii.  542. 

Four-root  Theory  of  Cranial  Nerves 
(Monro),  xxx.  36-44. 

Fourohette,  Topographical  Anatomy  of 
(Blacker),  xxx.  283-288,  p.  ii. 

Fowl,  Monstrosities  in  (Paterson),  xxi. 
180-184  ;  Osteology  of,  xxv.  510  et 
8^. ;  Temperature  of,  xxv.  379  ; 
Dorking,  Pedal  Skeleton  of  (Howes 
and  Hill),  xxvi.  395-408. 

Fox,  Gustatory  Organs  of  (Tuckerman), 
xxiii.  205  ;  Limb  Plexuses  in,  xxi. 
619,  620 ;  Sacral  Plexus  in,  xxiii. 
292 ;  Arctic,  Temperature  of,  xxv. 
881 ;  Bat,  Innervation  of  Lumbri- 
calea  of,  xxi.  680  ;  Nerves  of,  xxv. 
85. 

Fractional  Coagulation,  xxiv.  802. 

Fracture  of  Cervical  Vertebrse  (Pater- 
son), XXIV.  p.  ix ;  Caused  by  Spas- 
modic Muscular  Action,  xxviii.  456. 

Frsenal  Process  in  Lemuridcs  and 
Ckiromyid<Bf  xxvi.  891. 

Fraser,  Professor  A.,  Photography  as 
an  Aid  in  Morphological  Investiga- 
tion, XXIV.  p.  i  ;  on  Nerve-Termina- 
tions in  Thyroid  Gland,  xxrv.  p.  ii ; 
on  Pyramidal  Tracts  of  Certain 
Rodents,  xxiv.  p.  ii ;  Guide  to 
Operations  on  Brain  (Notice),  xxvi. 
276  ;  Human  and  other  Embryos, 
and  Sections  of  Adult  Mammalian 
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BraiDS,  XXVI IT.  p.  vi ;  Porencephaly, 
XXVIII.  p.  vi. 

Fraser,  Dr  James  W.,  on  the  Action  of 
Infused  Beverages  on  the  Peptic  and 
Pancreatic  Digestion  of  the  Chief 
Dietetic  Froximate  Principles,  xxi. 
837-361  ;  Inter-  and  Intra-Cellular 
Passages  in  Liver  of  Frog,  xxix. 
240-248. 

FraUrcuUty  Osteolo<r7  of,  xziii.  410 ; 
Species  of,  xxiii.  4,  zxv.  76 ; 
Osteology  of,  xxiv.  89  et  $eq. 

FraUrculidat  xzv.  75. 

FrcUereulince,  xxiii.  4,  421,  537  ;  Skele- 
ton in,  xxiv.  89. 

French,  Lumbar  Sagitto- vertical  Index 
of,  xxiv.  126. 

Frensel's  Experiment  with  Interference 
Mirrors,  xxv.  p.  xvi. 

Frequency  of  Muscnlus  Sternalis  in  the 
two  Sexes,  xxii.  404. 

Freyberger,  Dr  L.,  Malformed  Heart 
and  Great  Vessels,  xxx.  p.  xix. 

FringiUidce^  xxii.  818  et  seq. 

Frog,  Abnormal  Abdominal  Vein  in 
(Buller),  xxx.  211-214  ;  Action  of 
Benzoyl-ecgonin  on,  xxi.  47  ;  Action 
of  Curare  on,  xxv.  65  ;  xxviL  406  ; 
Action  of  Curarine  on,  xxiv.  881  ; 
Action  of  Nitrate  of  Sodium  on, 
xxiL  228  ;  Action  of  Nitro-glycerine 
on,  xxii.  864  ;  Arrest  of  Heart  in, 
xxi.  8  ;  Blood  Corpuscles  of,  xxiv. 
161 ;  Brain  of,  xxx.  484  ;  Calcar  of, 
xxi.  867  ;  Development  of  Liver  in, 
xxv.  178  et  seq,  ;  DapHcity  of  Limb 
in,  xxviii.  30  ;  Hermaphroditism  in, 
(Smith),  xxiv.  218,  219  ;  Inter- and 
Intra-cellular  Passages  in  Liver  of 
( Praser),  xxix.  240-243  ;  Ligaments 
of  Knee  of,  xxviii.  157  ;  Minimum 
Lethal  Dose  of  Curara  for,  xxviii. 
99 ;  Musculature  of  Stomach  of, 
xxiv.  195 ;  Olfactory  Organ  of, 
xxviii.  387 ;  Poison  from,  xxviii. 
96 ;  Reflex  Actions  in,  xxvi.  875  ; 
Skin  of,  xxviii.  150  ;  Skull  of,  xxi. 
864  ;  Vagus  in,  xxii.  4,  876  et  seq,  ; 
Tai-sus  and  Larynx  of,  xxiv.  420 ; 
Temperature  of,  xxv.  377. 

Frog's    Stomach,    Experiments    with, 
xxiv.  198, 


Frommann's  Lines,  xxiv.  607. 
Frontal  Air  Sinus,  Aperture  of,  xxviii. 

75  ;  Line,  xxiii.  p.  xiv. 
Fronto  -  parietal    Lobe,     Remarkably 

Modified  (Turner),  xxv.  827-337,  p. 

•  «  • 

▼111. 

Fruit  bat,  Absence  of  Middle  Sacral 
Artery  in,  xxx.  500. 

FuiuMf  xxii.  315  ;  xxix.  21  et  seq, 

Fuliearice,  xxix.  28  et  seq, 

FulicincBf  xxix.  24  et  seq. 

Fulmar,  Osteology  of,  xxiv.  181. 

FiUmarus  glaeialis  rodgersii.  Man- 
dible of,  xxiii.  88. 

Function,  Influence  of,  as  Exemplified 
in  Morphology  of  Lower  Extremity 
of  Panjabi  (Charles),  xxviii.  1-18  ; 
Possible  Obsolete,  of  Axillary  and 
Pubic  Hair  Tufts  in  Man  (Robin- 
son), XX vL  254-257  ;  of  Prostate 
(Griffiths),  xxiv.  27-41 ;  of  Retin- 
acula  of  Weitbrecht  (Fawcett),  xxx. 
53-58  ;  of  Weberian  Ossicles,  xxix. 
899;  of  Sinuses  of  Valsalva  xxiT. 
p.  xiii ;  of  Urethral  Bulb  (Allen), 
xxviL  235,  236  ;  of  Stomach,  xxvii. 
196. 

Fungiform  Papillffi  in  Fiber,  xxii.  138  ; 
of  Vulpes  vulgariSj  xxiii.  204. 

Funis  of  Foetal  Dugong,  xxviii.  318. 

Fur-seal,  Sacrum  of,  xxvii.  549. 

Fumivall,  F.  J.,  and  P.  Vicjiry*8 
Anatomic  of  the  Bodie  of  Man 
(Notice),  xxiii.  164. 

Furrows,  Transitory,  of  Brain,  xxiv. 
815. 

Fused  Hands,  xxvii.  423. 
Fusible  Metal  Injections  (Cathcart  and 
Miles),  xxv.  557-565. 


GadidoR,  Food  of  Seals,  xxx.  490. 

Oadus  ceglefinus,  Air-bladder  of,  xxix. 
229 ;  Swim-bladder  of,  xxx.  549 
morrhita,  Air-bladder  of,  xxix.  229 
Cranial  Nerves  of,  xxix.  854 
Gnashing  of  Teeth  in,  xxix.  221 
Swim-bladder  of,  xxx.  548. 

Gage,  S.  P.,  Brain  of  Diemyettflus 
loirideseens,  from  Larval  to  Adult 
Life  (Notice),  xxviii.  380. 

Galago  alenii,  Muscles  of,  xxiv.  78 ; 
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erassieaiidataf  Great  Omentum  of, 
zzz.  856  ;  Muscles  of,  xxiv.  78, 
Oaleiehthya  felieep8y  xxiz.  112. 
OaleopUhwtu,    Axillary  Mamms   of, 

XXV,  248. 
Oaleua,  Spiracles  of,  xxiv.  228. 
Oalietis,  Muscles  of,  zziv.  77. 
Gall-bladder,  Position  of,  xxviL  270  ; 

of  Grey  Seal,  zxz.  498. 
OcUH/ormes,  xzix.  28. 
GallinaeecB,    xzix.     23 ;    Tibio-tarsal 

shaft  of,  xxi.  101. 
OaMvna,  xxiii.  543  ;  xxix.  23  ei  seq.  ; 

Skull  of,  XXV.  510. 
Oallinago  delicaia.  Osteology  of,  xxv. 

528. 
OaUinula,  xxix.  25  et  seq,  ;  gcUecUa, 

Osteology  of,  xxix.  21. 
OcUlintUinoBf  xxix.  24  et  seq, 
OcUlus  domesiicuSf  Hexadactylism  in 
(Cowper),  xxiii.  242-249 ;  Monstro- 
sities in,  xxvii.  416. 
Oammarus,  Organs  of,  xxv.  173. 
Ganglion  Cardiacum  Basale,  xxi.  18  ; 
Cells     of    Newly  -  born     and    Old 
Animals,  xxix.  101. 
Oanoidei,  Genital  Organs  in,  xxi.  189; 
Kidney  in,  xxiv.  407  ;  Liver  of,  xxv. 
178  ;  Ovary  in,  xxiL  179. 
OamUinaty  zxii.  309  et  seq. 
Gaskell,     Dr.     Spinal    and     Cranial 

Nerves,  xxiii.  p.  v. 
0(uteropoda,  xxv.  170.         • 
Gastric    Digestion    of   Proteids    (Gil- 
lespie), xxvii.  195-223  ;   Glands  of 
Hedgehog,  xxvii.  94 ;  Juice,  Action 
of    Bacteria    on,    xxi.    415 ;    and 
Bacilli,  XXL    282 ;    Mucous    Mem- 
brane of  Pig,  Amylolytic  Ferment 
in,  xxiii.  452-454. 
Gastromelus,  xxviii.  83. 
GwvuZf  XXV.  64. 
Gazelle,  Brain  of,  xxv.  136. 
Oeckonidos,  Organ  of  Jacobson  in,  xxx. 

77. 
Gegenbaur,  C,  Die  Epiglottis,  Verg- 
leichendanatomische  Studie  (Notice), 
xxvii.  564. 
Gehuchten,  A.  Van,  La  Structure  des 
Centres  Nerveux  ;  la  Moelle  ^pini^re 
et  le  Cervelet,  xxvi.  271;  Le  System  e 
Nerveux  de  PHomme,  xxviii.  880. 


QOochaidon,  xxvii  889. 
Geminated  Incisor,  xxviii.  874. 
Generative  Organs  of   HyoBna^  xxiii. 

100. 
Geniculate  Articular  Surfaces  of  Femur 
and  Tibia  (Higgins),  xxix.  574-582; 
xxx.     292-295 ;    Body,    External, 
xxviii.  283. 
Genital  Cord,  xxii.  463;  Defects,  xxvi. 
436  ;  Ducts,  xxiii.  380 ;  Eminence, 
xxiL   48   et   seq.;    Mass,   xxii«  57  ; 
Organs,  Relation  of  Pelyic  Bone  to, 
in  Cetcteea,  xxvii.   801 ;  of  Herma- 
phrodite Frog,  xxiv.  218. 
Genitalia,    Absence    of,    xxix.     465  ; 
Additional,    xxviii.    31 ;    External, 
Absence    of,   in    Siren omeles,   xxx. 
510  ;  Implantation  of,  xxvii.  422. 
Genito-urinary  Apparatus   of   Risso's 
Dolphin,  xxvL  264;  Organs,  Absence 
of,  in  Symelian  Monster,  xxv.  203  ; 
System  of  Grey  Seal,  xxx.  493 ;  of 
Rabbit,  Abnormal  Development  of, 
xxiii.  650. 
Genu    Facialis,    xxix.    11 ;    Valgum, 
Pathology  of  (Humphry),  xxiv.  593- 
597 ;     Treatment    of,    xxiv.    597  ; 
Adolescentium    (Symington),   xxx. 
p.  XX. 
Oeoeoceyx  CaMfomianus,  Osteological 
Note  upon  the  Young  of  (Shufeldt), 
xxL  101,102. 
Oerani,  xxix.  22. 
Geranomorphce,  xxix.  22. 
Germ  Plasm,  xxiv.  285. 
Germinal  Matter,  xxiv.  272. 
Giant,   Irish,   Skeleton  of  (Cunning- 
ham), xxY.  p.  ix. 
Giant-cells  of  Marrow,  xxviii.  138 ;  of 
Tubercle,  Nature  of  (Sibley),  xxiv. 
517-526 ;    as    Lymphatic    Vessels, 
with  Proliferated  Endothelium,  xxiv. 
520. 
Gibbon,  Abductor  Pollicis  in  Muscles 
of  Hand  in,  xxii.  82 ;  Anatomy  of, 
xxvi.    149   et   seq,,   xxx.   276-278 ; 
Biceps  Flexor  Cruris  of,  xxviL  283  ; 
Brain  of,  xxiv.  IBS  et  seq,,  xxix.  284 
et  seq,;  Origin  of  Carotid  and  Sub- 
clavian in,  xxix.  453  ;   Cranium  of, 
xxix.  438  et  seq,  ;  External  Condyle 
of  Tibia  in,  xxiii  630 ;  Muscles  of 
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Foot  of,  zzii.  88;  Foot  of,  zxtIL  12*2 ; 
Hand  of,  zxvii.  115  ;  In  nervation  of 
Lumbricales  of  Foot  of,  m.  679  ; 
Humerus  of,  xxiii.  p.  xxi,  zziv.  2i9  ; 
Ligaments  of,  xzviii.  158  ei  uq*\ 
Myology  of,  xxvi.  324  e^  B$q,^  x^Fiii. 
334,  887  et  seq.,  zxx.  578 ;  Ribs  of, 
zziv.  129;  Sternum  of,  xxiv,  588; 
XXYII.  p.  zxiii;  Transverse  Humeral 
Ligament  of,  xxiv.  247;  Vertebneof, 
zxiv.  46  ;  Yertebrse  and  Bibs  of, 
zzv.  528. 

Gibbon  -  Him  (Waldeyer)  (Notice), 
zxviii.  380. 

Gill  •  cavity,  Accessory,  in  Sacco- 
hranchus,  zzix.  131. 

Gillespie,  Dr  A.  L.,  Gastric  Digestion 
of  Proteids,  xzvii.  195-223. 

Gimbemat's  Ligament,  zxviii.  151. 

Giraffe,  Digestive  Tube  of,  xzz.  349. 

Girald^s,  Organ  of,  xxii.  72. 

Glabella,  Condition  of,  xxvi.  6 ;  of 
Punjab  Skulls,  xzvii.  12. 

Glanders,  Morbid  Anatomy  of  Bones 
of,  in  Human  Subject  (Sharp),  xxix. 
492,  493. 

Glands,  Heidenhain's  Method  for,  xxiv. 
606  ;  of  Bowman,  xxviii.  392. 

Glandula  Thyreoidea,  zzv.  155  ;  Acces- 
soria  Hyoidea,  xzv.  161. 

Glandulse  Concatinatse,  Removal  of, 
xxvi.  232 ;  Lactifer«  Aberrantes, 
XXV.  227  ;  Supra-  and  Pr«B-hyoide«e, 
XXV.  158. 

Olareola,  Osteology  of,  xxv.  515  €t  seq. 

Glass  Bottles  for  Preparations,  xxvii. 
p.  vii. 

Glenoid  Cavity  of  Atlas,  xxvii.  533. 

Gleno-trans verse  Bony  Arch  of  Atlas, 
xxvii.  535 ;  Ligament  of  Atlas, 
xxviL  536. 

Glisson's  Capsule,  xxv.  168. 

QlobiocephcUtUf  Brain  of,  xxv.  136 ; 
Carpus  of,  xxix.  145  ;  Digits  of, 
xxviii.  59 ;  Larynx  of,  xxiii.  261, 
270  ;  Stomach  of,  xxiii.  487  ;  Trans- 
verse Processes  in,  xxii.  639  ;  melaSf 
xxvi.  263 ;  Brain  of,  xxv.  188 ; 
Heart  of,  xxiiL  253  ;  Lungs  of,  xxvi. 
259  ;  Intestine  of,  xxx.  182  ;  Manus 
of,  XXX.  153  ;  Ovary  in,  xxl  173. 

''  Globules  G^nts,"  xxv.  362. 


<*  Globules  Grands,"  xxv.  362. 

"  GlobttUns  da  Chyle,"  xxv.  260. 

Globulines,  xxix.  198. 

Glomerali  of  Wolffian  Body,  zziL  S8. 

Glosso-epiglottidean  Folds,  xxiii.  610  ; 
Ligaments  (Collier),  xxiii.  p.  xviL 

Glossopharyngeal  Boot,  Ascending, 
xxix.  8. 

Glossoplegia,  xxiii.  53. 

Glycocholic  Acid,  xxi.  235,  421. 

Glyco-  and  Tauro-cholate  of  Sods  in 
Relation  to  Secretion  of  Urea  (£d- 
iugton),  xxx.  215-237. 

Olyptostemum,  xxix.  402,  541. 

Gnathostomatoos  Fishes,  Urinary  Re- 
ceptacle of,  xxiv.  408  (note). 

Gnu,  Limb  Plexuses  in,  xxi.  618 ; 
Brindled,  Sacral  Plexus  in,  xxiii. 
292. 

Goat,  Cutaneous  Fold  from  Neck  of 
(Stewart),  xxiii.  p.  xxv  ;  Gustatory 
Organs  of,  xxiiL  205 ;  Jacobson's 
Organ  in,  xxx.  76  ;  Scapula  of,  with 
Additional  Acromia,  xxviii.  30 ; 
Supernumerary  Nipples  in,  xxv.  242. 

Oobio  fltiviaUlia,  Air-bladder  of,  xxix. 
187  (note). 

Godlee,  B.  J.,  Anatomical  Specimens 
and  Casts  of  Bronchi,  xxiL  p.  vi. 

Goitre,  Colloid  in  Lymphatics,  and 
Blood-vessels  of  Thyroid  in  (Home)^ 
xxvii.  161-168. 

Goitres,  Lingual,  xxv.  156. 

Golden  Mole,  Myology  of,  xxix.  p. 
xiii ;  Obturator  Foramen  in,  xxviL 
555. 

Golgi's  Method  (Sala  and  Turner), 
xxv.  578-581  ;  for  Central  Nervous 
System,  xxiv.  610 ;  of  Demonstrat- 
ing Minute  Anotoniy  of  Spinal  Cord 
and  Cerebellum  (Kbiliker),  xxv. 
443-460. 

OancUtis  fabridi,  xxvi.  262. 

Gonorrhoea,  xxi.  240. 

Oonastoma  javanieumf  Accessory  Gill- 
snails  in,  xxix.  138. 

Gorilla^  Foot  Muscles  of,  xxiL  91 ; 
Hand  of,  xxvii.  119,  410  ;  Anatomy 
of,  xxvi.  149  et  seq.,  xxx.  276-278  ; 
Articular  Processes  of  VertehrBS  in, 
Compared  with  those  in  Man 
(Struthers),  xxviL  181-138 ;  Biceps 
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Flexor  Cruris  of,  zxvii.  283 ;  Brain 
of,  zxiv.  188,  zxix,  285  U  aeq.  ;  Ori- 
gin of  Carotid  and  Subclavian  in, 
zxix.   453  ;  Cranium  of,    xx7.  469, 
xxlz.  433  et  aeq,  ;    Foot  of,  zxyii. 
124 ;    Ligaments  of,   xxviii.  158  et 
eeq,  ;    Lumbar  Curve  in  Spine    of 
(Symington),  xxui.  p.  xxv  ;  Men- 
struation in,  xxvii,  878  ;  Myology  of, 
xxvi.  324,  et  aeq.,  xxviii.  838,  78; 
xxii.  ;  Sternum  of,  xxvii.  p.  xxiii; 
Tibia  and  Astragalus  of,  xxiv.  213  ; 
Tibiffi    of,    xxiii.    680,    xxviiL    4; 
Vertebral  Column  of  (Symington), 
xxiv.  42-51,  120  ;  aavagei.  Variation 
in    Crania   of  (Duckworth),    xxix. 
335-345. 
Gout,  xxi.  247,  259. 
Orackles,  xxii.  309. 
OrcUlee,  xxix.  22    et   aeq.;    Foot    of, 

xxiiL  243. 
Orallatores,  xxix.  24. 
OrammeUophora  barbata,  Scoliosis  in, 

xxiii.  297. 
Orampua  griaeua  (Risso),  Stomach  of, 
xxiii.    489;    Viscera   of    (Taruer), 
xxvL  268-270. 
"  Granulations  Libres,"  xxv.  261. 
**  Granule-heaps,"  xxv.  271. 
Granulomata  with  Central  Necrosis  in 

Snake,  xxiii.  644. 
Grape-sugar     Imbedding      Methods, 

xxiv.  230-235. 
Gray,  R.  W.,  the  External  Auricular 
Opening  and  the  External  Auditory 
Meatus  in  the  Greenland  Whale 
{BaloBtia  myaiieetua),  xxiii  300-302  ; 
Stomach  of  Narwhal,  Bearing  of  its 
Histology  on  Turner's  and  Max 
AVeber's  Nomenclature  of  Stomach  of 
Ziphioid  and  Delphinoid  Whales, 
xxiv.  188-194. 
Gravid  Uterus  of  Dugong,  xxiii.  640. 
Great  Kangaroo,  Brain  of,  xxvii.  69 ; 
Fin -whale,  Measurements  of,  xxvii. 
330 ;  Rudimentary  Hind-limb  of, 
Compared  with  those  of  Humpback- 
whale  and  Greenland  Right- whale 
(Struthers),  xxvii.  291-335  ;  Finner- 
whale,  Mammary  Gland  of,  xxviii. 
24  ;  Toe,  Adductor  Muscles  of  (Hep- 
burn),   xxvii.     408-410 ;     Vessels, 


Abnormality    of  (de  Renzi),  xxiii. 
p.  xxiii. 

Grebe,  American  Eared,  Various  Species 
of,  xxiii.  8. 

Grebes,  xxiv.  543,  xxv.  75,  xxvi. 
199  ;  Osteology  of,  xxiv.  169  et  aeq. 

Green  Jays,  xxii.  309 ;  Lizard,  Male 
Organs  of  (Howch),  xxi.  185-189 ; 
Turtle,  xxi.  2  ;  Blindness,  xxx.  113. 

Greenfield,  Professor  W.  S.,  Malforma- 
tion of  Heart  with  large  Deficiency 
of  Interauricular  Septum,  Patency  of 
Foramen  Ovale,  and  Stenosis  of 
Aortic  Orifice,  xxiv.  423-433. 

Greenland  Right- whale,  Carpus  of 
(Struthers),  xxix.  145-187;  Rudi- 
mentary Hind-limb  of  (Struthers), 
xxvii  291-335;  Sternum  of 
(Struthers),  xxix.  593-612. 

Greig,  D.  M.,  Congenital  and  Sym- 
metrical Perforation  of  both  Parietal 
Bones,  xxvi  187-191. 

Grey  Jays,  xxii.  309  ;  Nucleus,  xxviii. 
233  ;  Seal,  its  External  Appearances 
and  Visceral  Anatomy  (Hepburn), 
XXX.  313-319,  488-501. 

Griffith,  Dr  M.,  on  Naegele  Pelvis,  xxi. 
163-165 ;  Some  Varieties  of  Last 
Dorsal  and  First  Lumbar  Nerves, 
48-55 ;  Professor  Wardrop,  Con- 
genital Malformation  of  Heart  with 
Transposition  of  Viscera,  XXY.  p. 
xviii ;  Congenital  Malformation  of 
Heart  with  Lateral  and  Antero-pos- 
terior  Transposition  of  Aorta  and 
Pulmonary  Arteries,  xxix.  pp.  xiv- 
xviii;  Heart  with  Fibro-musoular 
Band,  xxx.  p.  vi;  Larynx  with  Di- 
verticulum, XXX.  p.  XV  ;  Fusion  of 
Occipital  and  Atlas,  xxx.  p.  xvii ; 
Cutaneous  Nerves  of  Trunk,  with 
Special  Reference  to  Hei'pes  Zoster, 
xxxiY.  pp.  iii,  xi;  Transposition  of 
Thoracic  and  Abdominal  Viscera, 
with  Congenital  Malformation  of 
Heart,  and  Certain  Abnormalities  of 
Arterial  and  Venous  Systems,  xxvi. 
117-129. 
Griffiths,  Dr  J.,  Observations  on  the 
Anatomy  of  the  Prostate,  xxiii.  874- 
386 ;  Observations  on  Function  of 
Prostate  Gland  in  Man  and  Lower 
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Animals,     xxiy.     27-41  ;    Prostate 
Gland,  its  Enlargement  or  Hyper- 
trophy,    xxiv.    286-246 ;    Urinary 
Bladder  and  Urethra,  zxv.  535-549  ; 
Structural    Changes     Observed    in 
Testicles  of  Aged  Person,  zzvii.  474- 
482  ;  Structural  Changes  in  Testicle 
of  Dog  when  replaced  within  Ab- 
dominal   Cavity,    xzvii.    48S-500 ; 
Anatomy  of  Prostate  Gland,  xxiii. 
p.   xvii ;  Appendix  of  Testicle  and 
Cysts    of   Epididymis,   Vasa  Etfer- 
entia,  and  Rete  Testis,  xxviii  107- 
124  ;  Condition  of  Testes  and  Pros- 
tate in  Eunuchoid  Persons,  xxviiL 
221-227  ;  Retained  Testes  in  Man 
and  in  Dog,  xxviii.  209-220  ;yarieties 
of  Hydrocele  of  Tunica  Vaginalis 
Testis  and  some  Anomalous  States  of 
Processus  Vaginalis,  xxviii.  291-302; 
Observations  on    Urinary  Bladder 
and  Urethra,  Part  II.,  Nerves,  xxix. 
61-88 ;    Physiological  Observations 
on  Urinary  Bladder  and  Urethra, 
xxix.  254-275  ;  Effects  upon  Testes 
of  Ligature   of   Spermatic   Artery, 
Spermatic  Veins,  and  of  both  Artery 
and  Veins,  xxx.  81-105. 
Grimsdale,   Left   Inferior  Vena  Cava 
without    Transposition    of  Viscera, 
XXVIII.  pp.  v-vi. 
Oruidodf  xxix.  22  et  aeq, 
Gruiforme3f  xxix.  24  et  seq. 
Oruioidea,  xxix.  25. 
Grttnbaum,  A.  S.,   Anatomy  of  Sub- 
occipital Region,  xxv.  428-432,  p.  xi ; 
Anomalous  Sixth  and  Seventh  Cer- 
vical Vertebne,  xxv.  p.  x;Two  Cases 
of  Excavations  in  Skull  due  to  Dila- 
tations of  Lateral  Sinus,  xxv.  p.  ix  ; 
Embryonic  Relations  of  Fibula  to 
Femur,  xxvi.  p.  xx. 
OruSy   xxix.    25  et  aeq.\    amerieana^ 
Osteology  of,  xxix.  21  et  seq,  ;  Ara- 
mua  giganteus  and  Jtallus  longiros- 
triSf  Comparative  Osteology  of,  xxix. 
31 ;  canadeTisiSf  Osteology  of,  xxix. 
21. 
Grote,  George,  F.R.S.,  Brain  of  (Mar- 
shall), xxvii.  21-68. 
Groove    on     Sphenoid,    Undescribed 
(Lucas),  XXIX.  pp.  ii-iv. 


Grooves,  Integumentary,  on  Palm  of 
Hand  and  Sole  of  Foot  of  Man  and 
Anthropoid  Apes  (Hepburn),  xxvii. 
112-180. 

Grouse,  Skull  of,  xxv.  510. 

Growth  of  Brain  in  Men  and  Monkeys, 
with  Criticism  on  Method  of  Stating 
Brain-ratios  (Keith),  xxix.  282-303^ 
p.  X ;  of  Calculi,  xxx.  303. 

Growth-rate  of  the  Bones  of  the 
Lower  Etremities,  with  special 
reference  to  Rickety  Cnrvatores 
(Pye),  xxiii.  116-128. 

Gruber,  Prof.  Wenzel,  Verzcich- 
niss  der  1844-1887  Veroffent- 
lichen  Schriften  (Notice),  xxi. 
679-680. 

Gnanin,  Action  of,  xxi.  54  (note). 

Gubernaculum  Testis,  xxii.  518  ;  Supe- 
rior Attachments  of,  xxiL  530. 

Guide  to  Operations  on  Brain  (Fraaer) 
(Notice),  xxvi.  276. 

Guillemots,  xxiii.  3  et  seq.,  400,  412  ; 
Osteology  of,  xxiii.  415,  xxi  v.  93, 
180,  566. 

Guinard,  L.,  Precis  de  Teratol<»gie 
Anomalies  et  Monstmosit^  chez 
I'Homme  et  chez  les  Anima^x 
(Notice),  xxvii  428. 

Guinea-pig,  Brain  of,  xxx.  157  ;  Hair- 
nerves  of,  xxvii.  228 ;  limb 
Plexuses  in,  xxi  618  ;  Liver  of, 
xxvii  107  ;  Marrow  of,  xxiv.  162 ; 
Myology  of,  xxvi.  p.  x  ;  Oiigan  of 
Jacobson  in,  xxvi  373 ;  Ovaiy  in, 
xxi  170.  172,  175 ;  Palate  of,  xxiii 
613 ;  Panniculus  in,  xxvii  606 ; 
Respiratory  Organs  in,  xxiii  235  ; 
Sacral  Plexus  in,  xxiii  292. 

Guinea-pigs,  Anophthalmic,  xxvii.  419; 
Experiments  on,  xxx.  40 ;  Pyra- 
midal Tract  of,  xxiv.  p.  iii  ;  Tem- 
perature of  Newly-born,  xxv.  383. 

Goldberg,  Dr  G.,  Development  and 
Structure  of  Whale.  I.  Development 
of  Dolphin  (Notice),  xxix.  471. 

Gulland,  DrG.  L.,  Simple  Method  of 
Fixing  Paraffin  Sections  to  the 
Slide,  xxvi  56-59;  Anatomy  of, 
Advanced  Pregnancy  of  Macaeus 
rhesus,  xxvii  S61-876. 
Gulliver,  Dr  G.,  Skull,  with  Wormian 
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Bones  in  Frontal  Suture,  zxv.  pp. 

••     ••• 

U-lll. 

Gulls,  mu.  511,  xxvi.  199,  aorrii. 
887  et  aeq.,  zxix.  28  ;  Osteology  of, 
xdii.  1,  xxiy.  175,  545,  zxy.  60  et 
seq.y  509  et  seq,;  etc.,  Affinities  of, 
XXV.  74. 

Gustatory  Lamells,  xxii.  499. 

Organs  of  Ateles  ater  (Tucker- 
man),  xxvi.  891-893;  of  Belideua 
artel  (Tuckerman),  xxir.  85-88 ; 
of  Fiber  tibethicus  (Tuckerman), 
xxiL  185-141  ;  of  FtUpes  vulgaris 
(Tuckerman),  xxiil  201-205. 

Ridges  of  Belideus,  xxiv.  86. 

Oymnarchus,  xxix.  127  (note). 


OymnodoTites,    Kidney  of,    xxiv.    419 

(note). 
GyfMiophiona,  Organ  of  Jaoobson  in, 

XXX.  70. 
OymThotiidf  xxix.  401  et  teq.,  519,  545  ; 

Ossicles  of,  xxix.  Ill  e<  seq. 
Cfymnotue  eleetricus,  xxix.  520  (note). 
Oymnura,  Larynx  of,  xxiii.  269. 
Qyri,  Development  of,  on  Burfaoe  of 

Island  of  Reil,  xxv.  888-848. 
Gyros  Hippocampi,  xxv.  215  ;  Rectus, 

xxv.  182. 


Hadboit,  Professor  A.  C, Ethnography 
of  Aran  Islands,  County  Galway 
(Notice),  xxix.  141, 142  ;  Studies  in 
Irish  Craniology  (Notice),  xxix.  141, 
142 ;  Stone  Weapons  from  New 
Guinea,  xziz.  p.  xviii. 

Hsmatin,  xxvi.  72. 

Hematoblasts,  xxv.  262. 

ffeematopuSf  Osteology  of,  xxiiL  411 ; 
baekmani,  Osteology  of,  xxv.  509 
et  eeq,;  Skeleton  of,  xxiii.  88,  89, 
185. 

Hmnatoxyloie  -  copper  Stain  and 
Freezing  Microtome  (Hamilton),  xxi. 
444-4491 

Haemocytometer,  xxi.  150,  xxv.  258. 

**  Hffimodromographe,"  xxiv»  465. 

**  HsBmodromometer,"  xxiv.  465. 

Hemoglobin,  Direct  Action  of  Hydro- 

i  gen  Sulphide,  Hydrogen  Selenide, 
and  Hydrogen  Telluride  on  (Bru^), 
xxvL  62-75. 


HflemoglobiBometer,  xxL  150. 

Hnmoglobinuria  in  Blood-pressure 
Experiments  (Tillie),  xxv.  550-551. 

^  Hemotachymeter,"  xxiv.  465. 

Hahn,  Dr  L.,  Introduction  to  Pro- 
fessor Seegen's  La  Glycogenie 
Animale  (Notice),  xxiv.  614. 

Hair  of  Grey  Seal,  xxx.  415  ;  of 
Megaptera,  xxu.  119 ;  of  Negro 
foetus,  xxv.  p.  iii  ;  and  Spines  of 
Hedgehog,  xxvii.  178 ;  Follicles  of 
Hedgehog,  xxviL  172;  Forked  Nerve 
Endings  on  (Hoggan),  xxvii.  224- 
281 ;  of  Elephant,  xxiv.  497. 

ffalichcertu  grypus^  the  Grey  Seal,  its 
External  Appearances  and  Visceral 
Anatomy  (Hepburn),  xxx.  418-419, 
488-501. 

Halieore  dugong,  Plaoentation  of 
(Turner),  xxiii.  640-641 ;  and 
Manatus  senegalennef  Foetus  of 
(Turner),  xxviii.  815-882. 

Hallux,  Bifid,  xxviii.  26  ;  of  Anthro- 
poid Apes,  Short  Muscles  of  (Brooks), 
xxii  78-95. 

Malmaturus,  Brain  of,  xxv.  107  et  seq, ; 
derbianus,  Brain  of,  xxviL  75 ; 
r^fieoUi8f  Brain  of,  xxv.  118. 

ITi^madryas,  Fissure  of  Rolando  in, 
xxv.  16. 

Hamilton,  Professor  D.  J.,  on  a 
Method  of  Combining  Weigert's 
Hnmatoxylene-copper  Stain  for 
Nerve  Fibre  with  the  Use  of  the 
Freesing  Microtome,  xxi.  444-449  ; 
on  the  Effect  of  Chronic  Disease  of 
the  Valves  of  the  Heart  upon  tho 
Sound  Orifices,  the  Cavities,  and  the 
Walls,  xxiii.  40v68 ;  Means  by 
which  only  Debris  in  Catarrhal 
Nephritis  is  Removed  from  Tubules, 
xxv.  198-201. 

Hammer-toe,  xxviii.  460. 

Hand,  Deformities  of,  xxviii.  461 ; 
Integumentary  Grooves  on  Palm  of 
(Hepburn),  xxrii.  112-180;  in  Acro- 

n^®8^7>  ^^^▼^  ^68;  of  Anthropoid 

Apes,  xxvii.  115. 
Handbnch      der      Gewebelehre     des 

Mensdien  (IColliker)  (Notice),  xxviii. 

880. 
Hands,  Fusion  of,  xxvii.  423 ;    an4 
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Feet,  Papillary  Ridges  on  (Hepbom), 
XXIX.  p.  zxzi. 

HaDgiDg  Posture,  Disposition  of  Ver- 
tebral Column  in  (Cagney),  xzit. 
68&-691. 

ffapaU,  Brain  of,  xzx.  818  ;  Muscles 
of,  zzii.  85,  zziy.  78  ;  jacehus, 
Brain  of,  xzii.  579,  zzv.  liOeiseq,; 
penicUkUaf  Gluteus  Quartusin,  zzii. 
552  ;  Upper  Limb  Arteries  of,  zxvii. 
383  ;  roacUia,  Upper  Limb  Arteries 
of,  zzvii.  889. 

Harderian  and  Lachrymal  Glands, 
Development  of,  in  OroeodUua 
porostis,  zzyii.  159. 

Hare,  Jacobson's  Organ  in,  zzz.  74  et 
aeq. ;  Skull  of,  xxiY.  p.  zviii ;  Tem- 
perature of,  zzv.  381  ;  Tongue  of, 
zziii.  567. 

Hare-Lip,  Double,  and  Cleft  Palate, 
zztU.  418. 

Harley,  Dr  Vaughan,  Ezperimental 
Pathological  Evidence  proving  Exist- 
ence of  Pancreatic  Diabetes,  zzvi. 
204-219. 

ffapcdemur  ,gri8eu8,  Mammn  of,  zzv. 
232. 

Harris,  D.  F.,  Chemistry  and  Coagula- 
tion of  Milk,  zziz.  188>200  ;  Stereo- 
photo-ohromoscope,  a  Kew  Optical 
Instrument,  zzz.  118-128.. 

Harrison,  J.,  Urinogenital  and  Blood- 
vascular  Systems  of  Rabbit  with 
Single  Kidney,  zzviii.  401-407. 

Hart,  Dr  D.  B.,  Anatomy  of  Advanced 
Pregnancy  in  JIfaeacus  rhestiSf  zzvii. 
361-376. 

Hart-Smith,  Abnormal  Left  Innomi- 
nate Vein,  XXIX.  pp.  zziv-zzvi. 

ffatUria,  xxii.  p.  zvi  ;  punctata, 
Pineal  Eye  of,  zzii  504. 

Hawksbill  Turtle,  zzi.  2,  17. 

Hay-fever,  zzl  260. 

Haycraft,  J.  B.,  Notes  from  the 
Physiological  Laboratory  of  the 
University  of  Edinburgh,  zzii.  138- 
184  ;  Account  of  Ezperiments  show- 
ing that  Fibrin  Ferment  is  Absent 
from  Circulating  Blood,  zzii  172- 
190  ;  Morphological  Changes  that 
occur  in  the  Human  Blood  during 
Coagulation,  zzii.  582-592 ;  on  an 


Aniylolytio  Ferment  found  in  the 
Stomach  of  the  Pig,  zziii  452-464  ; 
Coagulation  of  Egg  and  Seram 
Albumen,  Vitellin,  and  Senmi 
Globulin  by  Heat,  zziv.  28S-306. 

Hayem's  Solution,  zzv.  257. 

Head  of  Dugong,  zzviii.  316,  828  ;  of 
Megaptera,  Tubercles  on,  zzii  119  ; 
of  Sheep,  Fusible  Metal  Injection 
of,  zzv.  564  ;  Cavities  of  Elaamo- 
branchs,  zziii  431 ;  Fold  of  Amnion, 
zziv.  9 ;  and  Young  Embryo, 
zziv.  5. 

Hearing,  a  New  Theory  of  (Rutherford), 
zzi  166-168;  Limits  of  (Lotb), 
zziii  836-389  ;  Capacity  of  Ostario- 
physecBf  zziz.  400. 

Heart,  Abnormal,  zzz.  460 ;  Abnor- 
mality of  (de  Benzi),  xxiii.  p.  zziii, 
xxYii.  p.  iz  ;  Congenital  Malforma- 
tion of,  with  Transposition  of  Vis- 
cera (Griffith),  XXY.  p.   zviii;  and 
Vascular    Abnormalities    (GriffithX 
zzvi.  117-129,  XXIX.  pp.  ziv-xriii  ; 
(Sanders),  zzvii  464-473  ;  Effect  on 
Nitrite  of  Sodium  on,  zzii.    235  ; 
Human,  wit^  Moderator  Bands  in 
Left  Ventricle  (Turner),  xxvii.   p. 
ziz ;   Malformation  of  (Greenfield), 
zziv.    423-483 ;    Mammalian    Con- 
struction of  Ventricles  in  (Brown), 
zziii  250-255  ;  Mechanism  of,  zxii. 
p.  ziii ;  Normal,  Weights  and  Mea- 
surements of,  zziii  41 ;   Orifice  of. 
Chronic  Disease  of  One,  Effect  upon 
Size  of  Others,  zziii.  43 ;  Bhythm 
of,  zzi  2 ;  Tension  in,  zzvi  863  ; 
Transposition  of,  zziz.   467  ;    Un- 
usual   Arrangement    of    Papillazy 
Muscle  of  (Symington),  xxyii.  p.iii; 
Unusual  Malformation  of  (Probyn- 
WUliams),    zzviii    305-308;    with 
Abnormal  Pulmonary  Valve  (Clarke), 
XXIY.  p.  viii,  zzz.  347  ;  with  Band 
in  Left  Auricle,  xxx.  pp.  v,  vi ;  with 
Pevelopmental  Anomalie8(Howden), 
xxyi.  p.  XV ;  with  Inter-auricnlar 
Foramen,   zzi    438-448 ;   of  Grey 
.  Seal,   zzz«  497  ;   of  Peacock  with 
thickening  of  Mitral  Valve,  zziii 
645  ;  of  Sea-turtle,  Rhythm  and  In- 
nervation of  (MiUs),  .xzi  1-20  ;  of 
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Sheep,  Variations  in  Foramen  Ovale 
of  (Rowland),  zzyiii.  809-812  ;  of 
Snake,  Physiology  of  (Mills),  zxii. 
1-8  ;  and  Great  Vessels,  Extreme 
Anomaly  of  (Birmingham),  xxviL 
189-150  ;  Malformation  of  (Freyber- 
gen),  XXX.  p.  xix  ;  and  other  Vis- 
cera, Cystic  Degeneration  of  (Meigs), 
zxvii.  4(4-468  ;  Disease,  Aortic  and 
Mitral  Combined,  xxiii.  46  ;  Chronic 
Valvular,  Effects  of  (HamUton), 
xxiii.  40-68 ;  Tricnspid,  xxiii.  46  ; 
with  Abnormal  Valves  (Lawrence), 
XXV.  pp.  xv-xvii. 

Hedgehog,  Absence  of  Middle  Sacral 
Artery  in,  xxx.  500  ;  Brain  of,  xxv. 
110  ;  xxvii.  70  st  seq.,  xxx.  1  et  aeq.  ; 
Change  in  Striped  Muscle  of  Urethra 
of,  in  Ratting,  xxv.  546 ;  Determi- 
nation of  Placental  Site  in,  xxvii. 
378  ;  Hair-nerves  of,  xxvii.  228  ; 
Hibernating  Gland  of,  xxviL  508; 
Histology  of  (Carlier),  xxvii.  85-111, 
169-178,  854-860,  508-518  ;  Hyber- 
nation  of,  xxv.  882  ;  Intra-narial 
Epiglottis  in,  xxiii  589  ;  Larynx  of, 
xxiii.  269  ;  Lymphatic  Glands  of, 
xxvii  854  ;  Changes  in,  during 
Hibernation,  xxvii  856 ;  Nerves  of, 
xxiii.  219  ;  Pancreas  of,  daring 
Hibernation  (Carlier),  xxx.  884-846  ; 
Prostate  of,  xxiv.  27,  81  et  aeq.  ; 
Sacrum  of,  xxvii  549  ;  Testes  of, 
xxviii.  210. 

Hedrophthalmia,  Cnca  of,  xxv.  178. 

Heidenhain*s  Method  for  Glands,  xxiv. 
606. 

Held,  H.,  Beitrage  znr  feineren 
Anatomie  des  Eleinhims  und  des 
Himstammes  (Notice),  xxviii.  880. 

HiUomis,  xxvi.  200. 

HelioTniihidm^  xxix.  28  et  aeq. 

Helix  aspera,  Absence  of  Male  Repro* 
ductive  Organs  in,  xxvii  287 ; 
pomaiia,  Liver  of,  xxv.  172. 

HeUdngfors  University  Museum,  Cata- 
logue of  Monstrosities  in,  xxviii.  873. 

ffemimelia,  xxvi  439. 

Hemiplegia,  Infantile,  and  Micro- 
cephaly (Thomson),  xxviii.  419- 
444. 

EemipodiidfBf  xxix.  25. 


Hemipoditu,  Osteology  of,  xxv.  524. 

Hemisphere,  Cerebral,  Growth  of 
(Cunningham),  xxiv.  809-845. 

Hen,  Single  Kidney  in,  xxviii.  201. 

Hepatic  Duct  of  Dolphins,  xxiii  481 ; 
of  Hyperoodon,  xxiii  474 ;  of 
Monodon,  xxiii  486. 

Hepato-pancreas,  xxv.  167. 

Hepburn,  Dr  David,  Double  Superior 
Vena  Cava,  Right  Pulmonary  Veins 
Opening  into  Right  Auricle,  and  a 
Special  Inter-auricular  Foramen, 
xxi  488-448  ;  Some  Variations  in 
the  Arrangement  of  the  Nerves  of 
the  Human  Body,  xxi  511-518  ;  a 
Needle  in  the  Spinal  Cord  trans- 
fixing the  Roots  of  the  Spinal  Nerves, 
XXII.  p.  viii ;  Development  of 
Diarthrodial  Joints  in  Birds  and 
Mammals,  xxiii  507-522,  xxviii.  p. 
ix  ;  Malformation  of  Female  Organs 
of  Generation — ^vagina  duplex  et 
uterus  duplex — associated  with  Dis- 
placement of  the  Right  Kidney,  xxv. 
24-30 ;  Comparative  Anatomy  of 
Muscles  and  Nerves  of  Superior 
and  Inferior  Extremities  of  Anthro- 
poid Apes,  xxvi.  149-186,  824-356  ; 
Defect  in  Capsule  of  Shoulder-joint, 
XXVI.  pp.  viii,  X ;  Integumentary 
Grooves  on  Palm  of  Hand  and  Sole 
of  Foot  of  Man  and  Anthropoid 
Apes,  xxvii.  112-180,  xxix.  p. 
xxxi ;  (Notice)  xxx.  814  ;  Complete 
Separation  of  Two  Heads  of  Biceps 
Flexor  Cruris  Muscle,  xxvii  282- 
284  ;  Adductor  Muscles  of  Thumb 
and  Great  Toe,  xxvii  408-410; 
Mammary  Gland  in  Gravid  Porpoise 
{PlMccena  communis),  xxviii.  19-24  ; 
Abnormal  Kidneys  from  Domestic 
Pig,  xxix.  16, 17;  Abnormal  Arrange- 
ment of  Cardiac  Coronary  Arteries, 
xxix.  459-462;  on  ffcUiehoBrtu 
grypuSj  the  Grey  Seal,  its  External 
Appearances  and  Visceral  Anatomy, 
413-419,  488-501 ;  Abnormalities  of 
Muscles,  Nerves,  Heart,  Vessels,  and 
Ligaments,  xxx.  570-588. 

Hereditary  Malformation  of  Fingers 
(Wilkie),  xxiv.  167,  168  ;  Polydac- 
tylism  (Wilson),  xxx.  487-449. 
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Heriog's  Thdory,  xzz.  107. 

Hermaphrodite,  with  Abfenod  o(f 
MaounsB,  txv,  805. 

Hermaphrodite  MoUmca,  Abeenoe  of 
Male  Reprodnetiye  Organs  in  (Gol- 
Unge),  xxyii.  287,  288. 

Hermaphrodites,  xtt.  462. 

Hermaphroditism,  zzvi.  436 ;  in 
Oommon  Frog  (Smith),  xziy.  218, 
219  ;  (Latter)  ^odr.  869-872. 

"Hermit"  (racehone),  Skeleton  of, 
zzYiu.  848  H  seq. 

Hernia,  Bosicranial,  Txr.  437 ;  Con- 
genital, xxii.  685  ;  Diaphra|;matic, 
XXV.  411 ;  (Paterson)  xxix.  pp.  xxi- 
xxiii ;  Infantile,  xxii«  586  ;  Inguinal, 
Anatomy  of  Transversalis  Musole  in 
Relation  to  (Doaglas),  xxiy.  220-226; 
Oblique  Inguinal,  zzir.  226  ;  Retro- 
peritoneal, see  Retro  -  peritoneal 
Hernia. 

fferodUones,  xxix.  28  ^  $eq. 

Herons,  Osteology  of,  xxix.  21  4i  mq. 

Herpes  Zoster,  xxvi.  55 ;  Cntaneous 
Neryes  in  referenoe  to  (Griffith  and 
Oliver),  xxir.  pp.  iii,  xi. 

fftrpe^les  gmithi,  Tendo-Acliillis  of, 
xxviii.  416. 

Herring,  xxvi.  26  et  Mq. 

Heningham,  Dr,  Right  Aorta,  with 
Persistent  Left  Aortic  Root,  giyiug 
Origin  to  Left  Subclavian,  xxv.  p. 
vi;  Abnormality  of  First  Part  of 
Small  Intestine,  zxvi.  p.  v. 

Hertslet,  L.  B.,  Cervical  and  Rudi- 
mentary First  Ribs,  xxz.  562-567,  p. 
xv. 

Herxheimer's  Method  of  Staining  Slas- 
tio  Fibres,  xxiv.  604. 

ffei^pnvmiSf  xxvii.  886  it  teq.;  Osteo- 
logy of,  xxiv.  101,  169  et  seq, ; 
crasHpegf  xxvi.  202 ;  regtUis^  xxiiL 
17,  xxiv.  169,  xxvi.  202. 

Enperom&hida,  xxvi.  202. 

Heterogenic  Polydactyly,  xxviiL  877. 

MsUroHSt  xxix.  127  (note);  ehrtkbergii, 
Accessory  Gill-snail  in,  xxix.  188. 

Heterotopic  Redundancies,  xxviii.  25, 
81. 

Hexadactylism,  with  espeoial  refer- 
ence to  the  Signification  of  its 
OccuiTsnce  in  a  Variety  otOaUus 


eUmetHcus  (Oowper),  xxiiL  S42> 
249;  and  Phalangeal  Yanation  in 
Amniota  (Howes  and  HiU),  zzvL 
495-508. 

Eexanehus,  Vagus  in,  xxii.  374. 

SisxanthuSf  Cranial  Nerves  in,  xtiH. 
428. 

Hibernating  Gland  of  Hedgehog,  zxviL 
506. 

Hibernation,  Changes  in  Lymphatic 
Glands  of  Hedgehog  during,  xxriL 
856  ;  Ptocreas  of  Hedg^^  dnring 
(Carlier),  xxx.  834-846 ;  of  Hedge- 
hog, xxvii.  96. 

Higgins,  H.,  Semilunsr  Fibro-carti* 
lages  and  TransveiBe  Ligament  of 
Knee-joint,  xxix.  890-898;  Popliteos 
Muscle,  xxix.  569-573,  p.  xxxi;  Geni- 
culate Articular  Surfaces  of  Fenrar 
and  Tibia,  xxix.  574-582 ;  Varieties 
of  Posterior  Crucial  Ligament  of 
Knee-joint,  xxix.  pp.  t-x;  Tnie 
Capsule  of  Knee-joint,  xxz.  289- 
291,  p.  iv. 

Hildebrand's  Law  of  Colour  Mixtore, 
xxx.  115. 

Hill,  Dr  A.,  Obersteiner's  Anatomy  of 
the  Central  Nervous  Organs  in 
Health  and  DiMase  (Notice),  xxir. 
611 ;  ffippoeampuM  (Notice),  xxviii. 
289. 

—  J.  P.,  Pedal  Skeleton  of  Dork- 
ing Fowl,  with  Remarks  on  Hexa- 
dactyUsm  and  Phalangeal  Variation 
in  Amniota,  xxvi.  895-408;  Pla- 
oental  eonnectioin  in  PtrameUs 
obeatUa,  and  on  Foetal  Membnnes 
of  Certain  Maoropods  (Notioe),  xxx. 
685. 

Dr  W.,    Pharyngeal   Tonsil, 


XXIV.  p.  xiv. 

ffimarUopus,  Osteology  of,  xxv.  512. 

Hind-limb,  Rudimentuy,  of  Great  Fin- 
whale  Compared  with  those  of 
Humpback  -  whale  and  Greenland 
Right  -  whale  (Strutheis),  xxvii. 
291-385. 

Hip,  Congenital  Dislocation  of  (Tar* 
gett),  xxx.  p.  x;  Dislocation  of 
(Humphry),  xxi  331 ;  of  Panjabi, 
xxviii.  7;  of  Qtuuirumanaf 
ments  of,  xxviii  158. 
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Sipparion,  LimbB  of,  zxriii.  2S7  et 
M^.,  849  et  seq,;  Length  of  Fore- 
limb  Bones  of,  xxriii.  867;  Fore- 
foot of,  zxviii.  58 ;  gradla.  Skeleton 
of,  zzTiii.  58  (noteX 

Hippocampal  Gomniiesnre  in  Mar- 
8upialia  and  ManoirwuUa,  zzTii. 
79. 

HippoeampWf  zxz.  165 ;  of  OmUhO" 
rhynchus,  zzz.  471 ;  Major,  Varia- 
tions in,  zzii.  288-288^ 

Bippoeampuf  (Hill)  (Notice),  zzviii. 
269. 

Hippocampus  hrevirostriSf  zziz.  189  ; 
Soand  Prodnction  in,  zziz.  205. 

SippopotamuSf  Epiglottis  of,  zziii. 
588  ;  sacrum  of,  zzviL  545. 

Hirst,  Dr  B.  C,  Haman  Monstrosities 
(Notice),  zzvi.  576-577. 

Histological  Changes  Induced  in 
Sympathetic,  Motor,  and  Sensory 
Nerve-cells  by  Functional  Activity 
(Mann),  zziz.  100-108;  Methods, 
Becent  and  New  (Stirling),  zziv. 
601-610;  Structure  of  Olfactory 
Organ  (FindUy),  xzviiL  887*400. 

Histology  of  Hedgehog  (Carlier),  zzvii. 
85-111, 169-178,  854-860,  508-518 ; 
of  Skin  of  Elephant,  zzvi.  498-508 ; 
of  the  Skin  of  the  Hor^e  (Smith), 
zzii.  142-158;  of  Stomachs  of 
Whales  (Woodhead  and  GrayX  zziv. 
188-194. 

Hodgkin's  Disease  as  a  Distinct  Patho- 
logical Affection  (Sharp),  zzz«  59- 
62. 

Hoggan,  Geo.,  and  Dr  Frances  Eliz, 
Forked  Nerve  Endings  on  Haira, 
zzvii.  224-231. 

ffolacanihtMf  zziz.  127  (note). 

Moloemtrum  aogho,  zziz. -139. 

ffomalogoTuUcB,  zziz.  28. 

JlomaiopUra,  zziz.  524. 

Homarus,  Liver  of,  zzv.  178. 

HonwnidoBf  zziz.  429  et  aeq, 

Homme  dans  la  Nature  (Topinard) 
(Notice),  zzvi.  578. 

ffoiTkO  neanderihaUnriSf    zxiz.   424. 

Homologies  of  Limb-nerves,  zzz.  580. 

Homology  of  the  Axillary  Mnsoular 
Arches,  zzii.  294  ;  of  Dumb-bell- 
shaped  Bone   in    Omiiharhffnckus 


(Symington),  zzz.  420-482;  and 
Adaptation  of  the  Articulajr  Pro- 
cesses in  Megaptfirct  and  Balcmop' 
(era,  zzii.  688 ;  and  Innervation  of 
the  Aehselbogen  and  Pectoralis 
Qnartns  (Birmingham)^  zziii.  206- 
223. 

Homoplasty  of  Brain  of  Rodents,  In- 
sectivores  and  Carnivores  (Mann), 
zzz.  1-85. 

nomotopic  Redundancies,  zzviiL  25, 
26  et  seq. 

Hoof  of  Horse,  zziv.  500. 

Hoorweg,  Dr  J.  L.,  Motion  of  Blood 
in  Human  Arteries,  zziv.  484-471, 
592. 

Horisontal  Section  through  Abdomen 
(Symington),  xxvu.  p.  ii. 

Home,  R.  M.,  Colloid  in  Lymphatics 
and  Blood-vessels  of  Thyroid  in 
Goitre,  zzvii.  161-168. 

Horned  Fowl,  zzv.  511. 

Horse,  Brain  of,  zzv.  108  et  seq^;  Com- 
munication between  Vena  Portfe  and 
Vena  Cava  in  (Strothers),  zxyii.  p. 
▼i;  Development  of  Bones  of  Foot 
of,  and  Polydactyly  in  (Struthers), 
zzviii  51-62 ;  Development  of 
Skeleton  of  Limbs  of,  with  Obser- 
vations on  Polydactyly  (Ewart), 
zzviii.  236-256,  842-869 ;  Effect  of 
Castration  on  Prostate  in,  zziv.  89  ; 
Elbow- joint  of,  zzz.  869  ;  Epiglottis 
of,  zziii.  607  ;  Gustatory  Organs  of, 
zziii  205 ;  Hair-nerves  of,  zzvii. 
228  ;  Heart  of,  zziii.  258  ;  Histology 
of  Skin  of  (Smith),  zziL  142-158  ; 
Intestines  of,  zzz.  849  ;  Larynz  of, 
zziii.  259,  271 ;  Limb-plezuses  in, 
zzi.  619,  620  ;  Musculature  of,  zziii. 
215  et  Mq,;  Nerves  of,  zziii  288, 
292  :  Palate  of,  zziii.  618  ;  Pectineus 
of,  zzvi  48  ;  Reaction  in  Stomach 
of,  zzv.  420;  Single  Kidney  in, 
zzviU.  201 ;  Skull  of,  zzv.  469 ;  with 
Tooth  in  Cranial  Cavity,  zzviii  83  ; 
Third  Trochanter  of,  zzz.  508; 
Warts  on  Inner  Side  of  Legs  of, 
zziii  244. 

Horse-shoe  Kidney,  Arteries  of,  xxyii. 
p.  vi 

Horsley,  Prot  V.,  Contributions   to 
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Sarface  Anatomy  of  Cerebral  Hemi- 
spheres, Grauio-cerebral  Topography 
(Notice),  zzvii  288-289  ;  Structure 
and  Function  of  Brain  and  Spinal 
Cord,  being  Fullerian  Lectures  for 
1891  (Notice),  xzvii.  289-290. 

Hottentot  Venus,  xziv.  142. 

Hour-glass,  Stomach,  with  Peculiar  Py- 
loric Orifice  (Melsome),  xxix.  pp. 
xxvi-xxvii. 

Howden,  Robert,  Case  of  Double  Supe- 
rior Vena  Cava  with  Left-sided 
Arrangement  of  the  Azygos  Veins, 
xzi.  72-75  ;  Case  of  Misplaced  Kid- 
ney, with  Undescended  Testicle  and 
Rudimentary  Vas  Deferens  on  the  same 
side,  zzi.  551-557  ;  Variations  in 
the  Hippocampus  Major  and  Emin- 
entia  CoUateralis  in  the  Human 
Brain,  xzii.  283-288,  p.  yiii ;  Heart 
with  Developmental  Anomalies,  xzyi. 

p.  XV. 

Howes,  Prof.  G.  B.,  On  the  Vesti- 
gial Structures  of  the  Reproductive 
Apparatus  in  the  Male  of  the  Green 
Lizard,  xxl  185-189  ;  the  Morpho- 
logy of  the  Mammalian  Coracoid, 
xxi.  190-198  ;  Rabbit  with  an  Intra- 
narial  Epiglottis,  with  a  Suggestion 
concerning  the  Phylogeny  of  the 
Mammalian  Respiratory  Apparatus, 
xxiii.  263-272  ;  Additional  Observa- 
tions upon  the  Intra-narial  Epiglot- 
tis, xxiii  587-597,  pp.  viii,  xix  ; 
Variations  in  Kidney  of  Common 
Thomback  {Jlaia  damUa),  its 
Nature,  Range,  and  Probable  Signi- 
ficance, xxiv.  407-422,  p.  xiv ;  Ver- 
tebral Skeleton  of  a  Fire-Toad,  xxiv. 
p.  xvi ;  Crania  of  Rabbits,  xxiv.  p. 
xvii ;  Pedal  Skeleton  of  Dorking 
Fowl  with  Remarks  on  Hexadactyl- 
ism  and  Phalangeal  Variation  in 
Amniota,  xxvi.  395-408  ;  Shoulder- 
girdle  of  certain  Dicynodontoid  Rep- 
tiles (Howes),  xxvi.  403-405  ;  Rab- 

-  bit's  Backbone  having  a  Free  Lum- 
bar Rib,  XXTI.  p.  ii-Y ;  Mammalian 
Pelvis,  with  especial  reference  to 
young  of  Omithorhyjuhiu  anatinus 
xxvii,  548-556,  p.  xxxviii ;  Wieder- 
sheim's  Structure  of  Man,  an  Index 


of  his  Past  (Notice),  xxx.  316  ;  Mam- 
malian Hyoid  with  special  rRference 
to  that  of  Lepu9f  Syrax,  and  ChaUz- 
jnM,  xxx.  513-526. 

Hughes,  Dr  A.,  Unusual  Form  of  Ab- 
normal Obturator  Artery  arising  from 
Profunda  Femoris  along  with  de^ 
Epigastric  Artery,  xxvi.  pp.  xiz-zx. 

A.  W.,  Abnormal  Arrangement 

of  Arteries  of  Kidney  and  Sapra-renal 
Body,  xxvi  305-807. 

Human,  £mbryolc>gy  (Minot)  (Notice), 
xxviL  429  ;  Foetal  Monsters  (Law- 
rence), XXYII.  p.  xiv ;  Foot,  its 
Form  and  Structure,  Functions,  and 
Clothing  (EUis)  (Notice),  xxiT.  614  ; 
Genital  Mass,  xxii.  57  ;  Larynx,  Law 
of  Transverse  Vibrations  of  Strings 
applied  to  (Woods),  xxvii.  431-435  ; 
Left  ventricle,  Moderator  Banda  in 
(Turner),  xxvii.  p.  xix,  xxx,  568; 
Limb-arteries,  Morphology  of  (Eich- 
holz),  xxvii.  377-401 ;  Monstrosities 
(Hirst  and  Pietsol)  (Notice),  xxvi. 
576-577  ;  Reproductive  Glands  and 
Urinary  Organs,  Earliest  Relations 
of,  xxiL  468. 

Humerus,  Apparatus  for  Determining 
Angle  of  Torsion  of  (Matthews),  xxL 
536-538. 

Humming-birds,  Hyoid  of,  xxx.  519. 

Humpback- whale.  Rudimentary  Hind- 
limb  of  (Struthers),  xxvii.  291-335. 

Humphreys,  John,  Account  of  Two 
Rare  Tumours  connected  with  Teeth. 
I.  Odontome  Radiculairc ;  IL  Den- 
tigerous  Cyst,  xxi.  665-669. 

Humphry,  Prof.  Sir  G.  M.,  On  Flat-foot 
and  the  Construction  of  the  Plantar 
Arch,  xxi.  155-162  ;  Note  on  Nae- 
gele  Pelvis,  xxi.  165,  166  ;  Disloca- 
tion of  the  Hip,  XXL  331 ;  Remarks 
on  the  Conditions,  Habits,  Family 
History,  etc.,  of  Centenarians,  xxi. 
496-504  ;  the  Angle  of  the  Neck  with 
the  Shaft  of  the  Femur  at  Different 
Periods  of  Life  and  under  Different 
Circumstances,  xxiii  273-282 ;  Ob- 
servations on  the  Angle  of  the  Neck 
of  the  Thigh-bone,  xxiii.  387-389  ; 
Loose  Bodies  in  Joints,  xxiii.  493-604 ; 
Pathology  of  Genu  Valgum,  or  Knock- 
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knee,  zxiv.  693-597  ;  Senile  Hyper- 
trophy and  Senile  Atrophy  of  Sknll, 
xziv.  598  ;  Note  on  Dissection  of 
Flat-foot,  zzv.  102-104  ;  Macrodac- 
tyly  and  some  other  Forms  of  Con- 
genital 07eTgrawth  and  their  Rela- 
tion to  Tnmonrs,  xzvi.  557-567 ; 
Abnormal  Mosenlar  Contractions  and 
their  Effects,  xxviii.  458-464; 
Flexion  and  Extension  of  Ankle, 
zxYiii.  p.  XV  ;  Microcephalic,  or 
Idiot,  and  Macrocephaltc,  or  Hydro- 
cephalic Skull,  xxix.  304-328  ;  Idiot 
Skall,  XXIX.  p.  X  ;  Urinary  Calculi, 
their  Formation  and  Structure,  xxx. 
296-31 1. 

Humphry's  Ligament,  xxix.  p.  y. 

Hunter,  John,  Portrait  of  (Notice), 
xxiv.  614. 

Dr   William,    Intra-peritoneal 

Blood-transfusion,  and  the  Fate  of 
Absorbed  Blood,  xxi.  138-152,  264- 
288,  450-472. 

BycBmosehttSf  Hyoid  of,  xxx.  523. 

Hycena  6runn«a  and  crocuta^  Anatomy 
of,  xxiii.  90  et  seq,,  187  et  8€q.  ; 
Muscles  of,  xxii.  545 ;  Ovary  of, 
xxi.  171, 172, 174  \Hriata^  Anatomy 
of  (Young  and  Robinson),  xxiii.  90- 
105,  187-200. 

Hyalin,  xxvii.  168. 

Hyaline  Substance  ol  Goitre,  xxvii 
161. 

Hyalo-chondrosis,  xxx.  55. 

Hydatid  of  Morgagni,  xxviii.  107. 

Hydatids  of  Epididymis,  xxviii.  111. 

Hydrocoidea,    Intra-narial   Epiglottis 

in,  xxiii.  587. 

Hydrencephaloceles,  xxvi.  433;  xxix. 
469. 

Hydroanoephalus,  xxvii.  451. 

Hydrocele,  Simple,,  xxviii.  291 ;  Bi- 
locular,- xxviii.  295  ;  Multiloculated, 
xxviii  298 ;  of  Tunica  Vaginalis 
Testis,  Varieties,  of,  and  some 
Anomalous     Statea    of     Processus 

>  Vaginalis  (Griffiths),  xxviii  291- 
802;  Fluid,  Coagulation  of,  xxiv. 
293. 

Hydroeephalic  Dwarfs,  xxvii  417 ; 
Skull,  XXIII.  p.  i ;  or  Macrocephalic 
Skull,  xxix.  319. 


Hydrocephalus,  xxvii.  451. 

Hydrochloric  Acid,  Affinity  of  Pro* 
teids  for,  xxvii  197. 

HydrothoBTUs^  Muscles  of,  xxiv.  76. 

Hydrogen  Peroxide  for  Cleaning 
Bones  (Buchanan),  xxvii.  p.  ix ; 
Selenide,  Direct  Action  of,  on  Blood 
Pigment,  xxvi  67 ;  Naked -eye 
Changes,  67  ;  Changes  in  Spectrum, 
67  et  seq^ ;  Sulphide,  Direct  Action 
of,  on  Blood  Pigment,  xxvi.  64 ; 
Naked-eye  Changes,  65 ;  Changes  in 
Spectrum,  65. 

ffydromys,  Anatomy  of,  xxx.  524 ; 
Muscles  of,  xxiv.  76. 

Hyla  arborea,  Syndesmosis  in,  xxiii 
509. 

HylohaUSt  xxix.  4^0;  Anatomy  of, 
XXX.  276,  277,  278,  573 ;  Brain  of, 
xxviii  382,  xxix.  296;  Divided 
Inferior  Vena  Cava  in  (Keith),  xxx. 
pp.  ii-iv  ;  Hand  of,  xxvii  115  ;  Liga- 
ments of,  xxviii  163  et  soq,  ;  In- 
nervation of  Lumbricales  of  Foot  of, 
xxi.  579 ;  Myology  of,  xxii.  84 ; 
xxvi  329  ;  Skull  of,  xxix.  434  ;  lar. 
Anatomy  of,  xxx.  p.  ii ;  Sternum  of, 
xxiv.  538  et  seq.,  xxx.  277  ;  Gluteus 
Quartus  in,  xxii  552 ;  pileatus. 
Anatomy  of,  xxx.  p.  ii.. 

Hymen  and  Posterior  Commissure  of 
Vulva,  Anatomy  of  ^(Cullingworth), 
xxvii.  343-347. 

Hyodon  datuialus,  xxix.  138. 

Hyoid  Arches  of  Brilnnich's  Murre  and 
LaridoB,  xxiii.  171;  of  CepphttSj  xxiii. 
419  ;  of  OyclorrhynchttSf  xxiii  558  ; 
of  Divers,  xxiv.  178  ;  of  Murrelets, 
xxiii.  405 ;  of  Puffins,  xxiii  548  ; 
xxiv.  98. 

Hyoidean  Apparatus  in  Larus  dela- 
warensis.  xxiv.  554. 

Eyperoodon,  Carpus  of,  xxix.  Ii5  et 
seq,;  Stomachs  of,  xxiii.  470,  xxvi 
262  ;  rostrattia,  xxi^.  192  ;  Brain  of, 
xxviii  269. 

ffypertheliaf  xxviii  376. 

Hypertrophy,  General  and  Partial, 
xxviii.  48 ;  Senile,  of  Skull,  xxiv. 
598 ;  of  Muscular  Fibre  of  Heart,. 
C!ause  of,  xxiii.  51 ;  of  Muaculi 
Papillares,  xxiii  57  ;  of  Right  Ven- 
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tricle,  zzviL  466  ;  of  Side  of  Face, 
Partial,  zzviiL  876  ;  and  Dilatation 
from  Yalvnlar  Diaeaae,  TTiii.  48. 

Hypoblast,  zzvi.  800;  of  Donbk 
Embryo  Cluck,  zz7.  820. 

Hypognatbus  Antistropbaar  zzri  486  ; 
xzriii  28. 

HypopJUhcUmuSt  zxiz.  682. 

Hypoepadiaa,  zxrii.  422. 

ffypostomua,  zxiz.  188,  626. 

Bypotheria,  xziii.  268. 

Hypotbeais  of  Embryonic  Remains, 
xxiv.  307. 

Bypsiprymnua,  Brain  of,  zzz.  168  ei 
seq.,  187  ;  Gluteus  Qnartnsin,  zzii. 
662. 

Jlyraeoidea,  Larynx  of,  zxlii.  267. 

Byraootheriwfn,  Length  of  Fore-limb, 
B<mes  of,  xxviii.  867 ;  Limba  of, 
xrviii.  237  et  aaq.,  849  &t  seq. 

EyraXy  Absence  of  Middle  Sacral 
Artery  in,  zxz.  600  ;  Brain  of,  zz7. 
118  et  seq.;  Intra-narial  Epiglottis 
in,  xxiii.  691 ;  Keryes  of,  xzy.  86  ; 
Byoid  of,  xxx.  616 ;  Muscles  of, 
zxii.  646  ;  Abnormal  Bib  in  (Par- 
sons), XXV II.  p.  ziii 

IbidcRf  zxix.  24,  26. 

Ichneumon,  Myology  of,  xrmL  414. 

Ichthyopsida,  Brain  of,  zxx.  169,  188  ; 
Development  of,  xxi.  872 ;  Relation 
of  Mammalia  to  (Shore),  xxi.  862- 
878 ;  Skull  of,  xxi.  364  ;  xxx.  481 ; 
Vagus  in,  xxii  881 ;  YiBoeia  of, 
xxiv.  414. 

Ichihyamiif  xxiii.  174 ;  Comparatiye 
Osteological  Notes  on  (Shufeldt), 
xxyiL  836-842. 

dispar,  and  victor ,  Osteology  of, 

xxvii.  836,  841. 

Ichthyo8<mru8f  Umba  of,  xxiii.  246, 
247. 

leteridtey  Osteological  Notes  on  (Shu- 
feldt), xxii.  809-4^0. 

Icterus^  xxii.  809  et  seq. 

Idiot  Dwarfs,  xxvii.  417 ;  or  Micro- 
cephalic, Skull  of,  xxix.  804,  p^  x. 

Iguana^  Muscular  Supply  in,  xzv.  87. 

II  Cervelleto ;  Kuovi  Studi  di  Fisio- 
logia  Normals  e  P^hologica  (Luci- 
ani)  (Notice),  xxvi.  668-678. 


I  Ileo-cecal,  Fold,  zzvi  1S9 ;  fiegiioniif 
I  Intestine,  Abnormal  Amngemoit 
of  (Bennet  and  Rolleston),  zxv.  87, 
88 ;  Valve  of  Grey  Seal,  zxz.  491.   , 

UiaoAzia,  zzviL  663. 

Uio-Neoral  Canals  of  Arevmim  gigam- 
totUf  Cfrus  Amerioama,  aRd  BaUma 
longiroHria,  zxiz.  81. 

Illustrations  of  Nerve  Tracts  in  Mid 
and  Hind  Brain,  and  Cranial  Nerves 
arising  therefrom  (Bruce)  (Kotiee), 
zxvii.  286-288 ;  of  Zoology,  Inver- 
tebrates and  Vertebratea  (Smith  aatd 
Norwell),  xxiv.  618. 

Imbedding  Fresh  and  Hardened 
Tissues  (Robertson),  xxiv.  230-235. 

Imperforate  Anus,  zzvi.  437  ;  qtooph- 
agus,  xxix.  466. 

Improved  Method  of  Preparing  Large 
Sections  of  Tissues  for  Microscopic 
Examination  (Webster)^  xxr.  278- 
281. 

Incisive  Canal,  xxix.  864. 

Incisors,  Geminated,  xxviii.  374 ; 
Lost  ID  Man  (Windle),  zzL  84-96. 

xndez,  Lumbar  Sagitto- Vertical,  xxiv. 
119,  122;  of  Lumbar  Curve,  zziv. 
49 ;  of  Platyknemia,  zziii.  628  et 
aeq,  ;  zziv.  216-217  ;  among  Panjabi^ 
xxviii.  6. 

India,  Natives  of,  Lumbar  Sagitto- 
vertical,  Index  of,  xxiv.  126. 

Indian  Crania  in  U.S.  Army  Medical 
Museum  (Shufeldt),  xxiL  191,  214  ; 
Skeletons  of,  xxiv.  66. 

Indol,  xxvi.  409. 

IndrU  brevkaudaiUM,  Skull  of,  zxz. 
887. 

Inert  Solids,  Action  of,  oo  Blood'- 
plates,  zxii.  691. 

Infant,  Anatomy  of  Papilla  Folista  of 
(Zuckermann),  xxii.  499-601  ;  Mic- 
turition in  Newly-bom,  xxix  269. 

Infantile  Hemiplegia  and  Microcephaly 
(Thomson),  xxviii  419-444. 

Infantilism,  xxx.  462. 

In&nts,  Epithelial  Pearls  im  (Kaa- 
tfaack),  xxvi.  601-606, 

Inferior  Annular  Ligament  of  Ankle, 
xxviii.  161 ;  Articular  Proesaa  of 
Atlas,  xxvii.  682  ;  Caloaneo-Se^ph- 
oid  Ligament,  xxviii.  153 ;  Calcaiit 
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Nayicolar     Ligftment,    zxz.    898 ; 
Dental  Canal,  xxiz.  861. 

Inflamnaation,  zzL  252. 

Influence  of  Fanotion  as  Exemplified  in 
Morphology  of  Lower  Extremity  of 
Panjabi  (CharlesX  xxviii.  1-18  ;  of  a 
Previous  Sire  (Bell),  xxz.  259-274. 

Influenza,  xxi.  246,  260. 

Infra-Laminar  Spar  of  Atlas,  zzvii. 
532. 

Infused  Beverages,  Action  of,  on  Pep- 
tic and  Pancreatio  Digestion,  xxi. 
887-861. 

Inguinal  Canal,  Development  o(  zxii 
507  ;  Hernia.     Su  Hernia. 

Inion,  Condition  oi^  zzvi.  6. 

Injection  Apparatus  (Bolam  k  Sal- 
keld),  zxix.  230-288. 

Injuries  and  Diseases  of  Nerves,  xxiv. 
472-474. 

Injury  to  Roots  of  Cauda  Equina, 
xxiL  490. 

Innervation  of  the  Achselbogen  and 
Pectoralis  Quartos  (Birmingham), 
xziii.  206-228  ;  of  Axillary  Muscles 
in  Man  (Wilson),  xxii.  294  ;  xxiv. 
52-60 ;  of  Knee-joint,  xxviii.  183  ; 
of  Muscles  of  Lower  Limb,  xxviii. 
177 ;  of  Muscles  of  Soft  Palate 
(Turner),  xxiii.  528-581 ;  of  Skin, 
xxviii  171. 

Insane,  Brain  in,  xxvL  456. 

/?iMc^iwra,  Brain  o(  xxv.  109  ei  seq,  ; 
xxvii.  84  ;  Foot  of,  xxiii.  245 ;  In- 
tra-narial  Larynges  in,  xxiii.  266  et 

,  seq.y  589;  Muscles  of,  xxiv.  76  ;  Oste- 
ology of,  xxiY.  p.  xix  ;  Ovary  in,  xxL 
172 ;  Sexual  Periodicity  in,  xxiv.  87  ; 
Yolk  Sac  in,  xxvi«  808 ;  Bodmtia 
and  Camivora,  homoplasty  of 
(Mann),  xxx.  1-85. 

Integument  of  Polyodon  folium,  Scales 
in  (Ck)llinge),  zxix.  48&-487. 

Integ^nmentary  Grooves  on  Palm  of 
Hand  and  Sole  of  Foot  of  Man  and 
Anthropoid  Apes  (Hepbam)»  xxvii 
112-180. 

Inter-  and  Intra-lobular  Passages  in 
Liver  of  Frog  (Fraser),  xxix.  240- 
248. 

Inter-articular  Ligament  of  Astragalo- 
calcaneo-navicular  Joint,  xzz.  407. 


Inter-anricnlar  Septom,  Badimentary, 
zzviii  805. 

Intercellular  Snbstance,  zziv.  272. 

Interfemoral  Membrane  of  Whale, 
zzvii809. 

Interference  of  Light  in  Microscope, 
xxv,  p.  ziv. 

IntermazUlary  Region  of  Delphin- 
aptenu,  xxx.  148. 

Intermuscular  Septum,  Great,  of 
Whale,  xxvii  312. 

Internal  Astragalo-calcanean  Ligament, 
xxx.  408 ;  Brachial  Ligament  of 
Struthers,  xxviii  168 ;  Ciapsule, 
xxviii.  283 ;  Lateral  Ligament  of 
Ankle,  xxviii  158 ;  xxx.  397  ;  of 
Knee-joint  of  Quadrumana,  xxviii 
157  ;  Tibio-tarso  Metatarsal  Liga- 
ment of  QuadriMnana,  xxviii.  153. 

Inter-orbital  Septum  of  Aramtts  giqan- 
tens,  xxix.  81;  of  Oriu  amerteana, 
xzix.  31  ;  of  LaridcB  Jt  JRynehops, 
xxv.  72  ;  of  Porzana  earolina,  xxix. 
27  ;  of  Jtallus  langirostrU,  xxix.  31  ; 
of  Razor-bill,  xxiii  9,  84. 

Interosseous  Astragalo-calcanean  Liga- 
ment, xxx.  408;  Space  in  Megap- 
Ura  and  BaUenoptera,  xxii  251. 

Interpelvic  Membrane  of  Whale,  xxvii. 
809. 

Interruption  of  Intestinal  Canal,  xxvi 
487  ;  of  Small  Intestine  (Lockwood), 
XXIV.  p.  xiii 

Interventricular  Septum,  Deficient, 
xxvii  143,  466,  469. 

Intervertebral  Disc,  Attachments  of, 
to  Vertebrae,  xxiv.  582;  Develop- 
ment of,  in  Sheep  (Carlier),  xxiv. 
573-584;  Development  of  White 
Fibro-cartilage  in,  in  Sheep,  zziv. 
577 ;  of  Adult  Sheep,  Fibrous  Ele- 
ment in,  xxiv.  578  ;  Arrangement 
of  Fibres  in  Lamelltd  in,  579  ;  Cella- 
lar  Element  in,  580;  Remains  of 
Kotochord  in,  581. 

Intestinal  Atresia,  xxviii  876  ;  Canal, 
Intermption  of,  xxvi.  487  ;  Contents, 
Composition  of,  xxv.  894 ;  Cultures 
of  Bacteria  from,  after  Meat  Diet, 
zzv.  408,  405 ;  after  Diet,  mainly 
Carbohydrate,  zzv.  404  ;  Ferments 
and  Bacteria,  zzi  427 ;  Fistula,  xxv. 
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300  ;  Jaice,  Analysis  of,  zxv.  398 ; 
Tube  in  CcUlichtkys,  zzix.  131 ; 
Vaii  of  Hedgehog,  xxvii.  102. 

Intestine,  Abnormal  Arrangement  of 
Ileo-csecal  portion  of  (Bennet  and 
RoUeston),  xzv.  87,  88  ;  Abnor- 
malities in  Hepatic  Artery  supplying 
(Elworthy),  xxv.  p.  vi ;  of  Olobio- 
eephaZiLS  melas,  xxvi.  261 ;  of  Risso's 
Dolphin,  xxvi.  261  ;  Large,  Malfor- 
mation of,  xxvii.  421 ;  of  Hedgehog, 
xxWi.  106 ;  of  Hycsna,  xxiii.  93 ; 
Small,  Abnormality  of  First  Part  of 
(Herriugham),  xxvi.  p.  v  ;  Chemical 
Processes  in  (Macfiidyen,  Nencki, 
and  Sieber),  xxv.  390-427 ;  Inter- 
ruption of  (Lockwood),  xxiv.  p.  xUi ; 
Position  of  Coils  of,  xxvii.  272 ;  of 
Hedgehog,  xxvii.  102 ;  of  Eycena, 
xxiii.  92  ;  of  DelphinapUrtLSf  xxx. 
131  ;  of  Grey  Seal,  xxx.  490 ;  of 
Sirenomele,  xxx.  510 ;  of  Symelian 
Monster,  xxv.  203  ;  of  Tuberculous 
Bam  Owl,  xxiii.  648;  of  Tuber- 
culous Snake,  xxiii.  643. 

Intra-narial  Epiglottis  (Howes),  xxiiL 
268-272,  687,  597  ;  xxiii.  p.  viii ; 
List  of  Mammals  which  have,  xxiii. 
696-597. 

Intra-narial  Larynges,  xxiii.  266. 

Intra-orbital  Fissure,  xxv.  132. 

Intraparietal  Sulcus  (Cunningham), 
xxiv.  135-156,  p.  xi. 

Intra  -  peritoneal  Blood  -  Transfusion 
and  the  Fate  of  Absorbed  Blood 
(Hunter),  xxL  138-152,  264-288, 
460-472. 

Intra-uterine  Luxation  of  Humerus, 
xxix.  467. 

Intra-vesical  Pressure,  xxix.  266. 

Inuus  nemestrinus.  Placenta  of,  xxvii. 
866. 

Inversion  of  Foot,  xxii.  411 ;  of  Thor- 
acic Duct,  xxvi.  439. 

Inter- vertebral  Discs,  xxiv.  373,  p.  xiii. 

JnverUlrata,  Liver  of,  xxv.  166 ; 
Nervous  System  of,  xxiii.  428. 

Involuntary  Muscles,  Contraction  o( 
xxviii.  463. 

lonomis^  xxix.  25  et  aeq.;  marHnieay 
Osteology  of,  xxix.  21. 

Irish  Craniology  (Haddon)  (Notice), 


xxix.  141,  142;  Giant,  Cornelius 
Magratb,  Skeleton  of  (Cunningham), 
xxv.  p.  ix.;  Lumbar  Sagitto-Yertical 
Index  of,  xxiv.  126. 

Iron-Pigmented  Renal  Calculi  (Shaip), 
xxviiL  447,  448. 

Irritable  Bladder,  Rectnm,  and 
Stomach,  xxviiL  463. 

Irritability  of  Muscle,  Preternatural 
(Humphry),  xxviii.  453-464. 

Ischiadic  Plexus  in  Igtuvna,  xxt.  37. 

Island  of  Reil,  xxv.  p.  xi ;  xxviiL  233  ; 
Development  of  Gyri  and  Sulci  on 
Surface  of,  xxv.  338-348  ;  Largely 
Exposed,  xxv.  328  ;  Origin  of,  xxiv. 
154  ;  in  Primate  Brain  (Cunning- 
ham), xxv.  286-291. 

Iter,  xxviii.  234. 

Jacana  gymnostomoy  Osteology  of, 
xxix.  21. 

Jacanida,  xxix«  24  et  seq. 

Jack,  Dr  W.  R.,  Analysis  of  Volun- 
tary Muscular  Movements  by  new 
Instruments,  xxix.  473-478. 

Jacobson's  Organ,  Occurrence  of,  with 
Notes  on  Development  of  Nasal 
Cavity,  Lachrymal  Duct,  and  Harde- 
rian  Organ  in  OroeodUus  porosus, 
xxviL  151-160;  In  Monotremes 
(Broom),  xxx.  70  et  seq. 

Jaegers,  xxiii.  5  ;  Osteology  of,  xxv. 
60  et  seq,  ;  Skeleton  in,  xxiv.  545. 

Jaguar,  xxix.  410. 

Janiceps,  Anatomy  of  Case  of,  xxx. 
456. 

Java,  Remains  recently  found  in 
(Turner),  xxix.  424-445. 

Jaws  of  Megaptera,  xxiL  120. 

Jays,  xxii.  309  et  seq. 

Jerboa,  Hair-nerves  of,  xxvii.  229. 

Joint,  Astragalo  -  scaphoid,  in  case  ot 
Congenitally  Absent  Tibia,  xxiiL 
602  ;  Calcaneo  -  cuboid  in  case  of 
Congenitally  Absent  Tibia,  xxiiL 
602  ;  Calcaneo  -  astragaloid  in  case 
of  Congenitally  Absent  Tibia,  xxiiL 
602. 

Joint  Bodies,  Pathology  of  (Patteaon), 
xxiv.  360-368. 

Joints,  Contraction  of,  xxviiL  458  ; 
Diarthrodial,  Development  of  (Hep- 
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burn),  xxiii.  607-622 ;  Loose  Bodies 
in  (Humphry),  xxiu.  498-604;  of 
the  Digits  of  Megaptera,  zziL  264  ; 
of  Limbs  of  Lelphinapterus,  zzz. 
162. 

Jones,  Dr  C.  Handfield.  Note  con- 
cerning the  Endothelium  of  the  small 
Cerebral  Arteries,  xxi.  672-674; 
Notes  of  a  Cardiac  Neurotic,  zziiL 
588-686. 

L.,  Sections  of  Liver,  mv.  p. 

viu 

Journal  of  Morphology  (Notice),  xxii. 
808. 

Jugular  Foramen,  zzii.  80  ;  xzvi.  6. 

Kadyi,  Prof.  H.,  Ueberdie  Blutgefasse 

des     nienschlichen    Btickenmarkes 

(Notice),  zxiv.  611. 
Kangaroo,  Brain  of,  zzvii.  69  ei  seq,  ; 

Coraco-brachialis  wanting   in,   xxi. 

119 ;  Digital  Bones  of,  xzviii.  69  ; 

Hair  -  nerves  of,  zzvii.  229  ;  Intra- 

narial    Epiglottis    in,    zziiL    690 ; 

Musculature  of,  zzi.  116  ;  zzii.  296  ; 

zziiL  209  et  aeq,  ;  zzviii.  414 ;  Organ 

of  Jacobson  in  (Symington),  zzvi. 

871-874  ;  Pelvis  of,  xxix.  p.  zzvii ; 

Placenta  of,  zzvii.  876  ;  Pyramidalis 

Muscle  in,  zzii.  646  ;  Skull  of,  zzz. 

424. 
Bennett's,    Myology   of,    zzi. 

124  et  seq. 

Bush,  zzv.  119  (note),  zzvii.  69; 


Lateral  Cutaneous  Nerve  of,  zzii. 
297. 

Kanthack,  A.  A.,  Thyreo-glossal  Duct, 
zzv.  165-166 ;  Complete  Cervical 
Fistulffi :  a  Note  on  C.  F.  Marshall's 
Paper  on  Thy  ro-glossal  Duct  or  Canal 
of  His,  zzvi  197-198 ;  Myology  of 
Lorynz,  zzvi.  279-294  ;  Epithelial 
Pearls  in  Foetuses  and  Infants,  zzvi. 
501-508. 

Earyokinesis,  xziv.  274. 

Kanffmann,  O.  J.  Subdivision  of 
Pouch  of  Douglas  into  three  Fosse, 
zzvii.  667,  658. 

Keirognathus  cordylua.  Shoulder-girdle 
of,  zzvi.  408. 

Keith,  Dr  A.,  Ligaments  of  Catar- 
rhine  Monkeys,  with  References  t 


corresponding  Structures  in  Man, 
zzviii.  149-168,  p.  zii ;  Supra- 
costalis  Anterior,  zzviiL  838-384, 
p.  zii ;  Theory  to  Account  for  vari- 
ous Arrangements  of  Flezor  Pro- 
fundus Digitorum  in  Hand  and  Foot 
of  Primates,  zzviii.  836-889  ;  zzz. 
812  ;  Growth  of  Brain  in  Men  and 
Monkeys,  with  Criticism  of  Method 
of  stating  Brain-ratios,  zziz.  282- 
808,  p.  z  ;  zzz.  812  ;  Origin  of  Caro- 
tid and  Subclavian,  from  Arch  of 
Aorta  in  Higher  Primates,  zziz.  453 
-458  ;  zzz.  812  ;  Variation  in  Manu- 
brium Stem!  of  Higher  Primates, 
zzz.  276-279,  (Notice)  812 ;  Liga- 
ments of  Catarrhine  Monkeys 
(Notice),  zzz.  812 ;  Cervical  and 
Rudimentary  First  Ribs,  zzz.  562- 
667 ;  Frequent  Occurrence  of 
Divided  Inferior  Vena  Cava  in  Genus 
EylobaUs,  xxz.  p.  ii ;  Organs  pre- 
served with  Fonnaldehyd,zxz.  p.  xi ; 
Relative  Position  of  Spinal  Accessory 
Nerve  to  Jugular  Vein  and  Trans- 
verse Process  of  Atlas,  and  on  Con- 
nection of  this  Nerve  with  Pain  in 
Certain  Movements  of  Head,  zxx. 
p.  ziii  ;  Fibrous  Band  lying  on  Dor- 
sum of  Scapula  Superficial  to  Fascia 
covering  Infraspinatus,  xxx.  p.  ziv. 

Kelynack,  Dr  T.  N.,  Cases  of  Meckel's 
Diverticulum,  zzvi.  554,  555 ;  Patho- 
logy of  Vermiform  Appendiz 
(Notice),  zzviii.  884 ;  Adrenal 
Adenoma,  zzz.  689-544. 

Kempson,  Accessory  Supra-condylar 
Ligament  at  Back  of  Knee,  xxviii. 
p.  iv. 

Kenny,  Abnormal  Relation  of  Phrenic 
Nerve  to  Subclavian  Vessels,  xxii. 
p.  zviii. 

Kidney,  Abnormal  Arrangement  of 
(Mahon),  zxiii.  889-840  ;  Abnormal 
Arterial  Supply  of,  zzv.  89  etseq,; 
Absence  of,  zxiii.  650  ;  zzvii.  422  ; 
zziz.  18  ;  Depth  of  Cortez  of  (Little), 
zxii.  p.  zzvi ;  Displaced  and  Im- 
movable (Farquharson),  zzviii.  803, 
804  ;  Displacement  of,  with  double 
Uterus  and  Vagina  (Hepburn),  zzv. 
24-80  ;  Distance  of,  from  Iliac  Crebt, 
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zxvi.  76,  87 ;  Horse-shoe,  Aiteriea 
of,  zxvii.  p.  vi ;  Left,  Misplaced,  xzi. 
551  ;  rxiv.  71 ;  xxvii.  p*  xxxv  ; 
Single  (Rienzies),  zxi.  510;  zxviii. 
840,  401 ;  of  Oommon  Thornback 
(Jiaia  clavcUa)f  Variation  in  (Howes), 
xxiv.  407-422,  p.  xir ;  of  Eyoena, 
xziii.  100  ;  of  Tiibereulons  Peacock, 
zxiii  645 ;  of  Tuberculous  Snake, 
zziii.  643 ;  and  Supra-renal  Body, 
Abnormal  Arrangement  of  Arteries 
of,  xzvi.  305-S07  ;  Abnormal,  from 
Domestic  Pig  (Hepburn),  xxix.  16, 
17  ;  Anomalous,  xxvL  437  ;  Con- 
genital Alterations  in  Position,  Form 
and  Connections  of,  xzix.  467  ;  Fusi- 
ble Metal  Injection  of,  zzv.  564 ; 
Fusion  of,  zzx.  461 ;  Lobulation  of 
(Buchanan),  xxvii.  p.  vii ;  Per- 
manent, xxii.  54  ;  Position  of,  xzyii. 
268 ;  Supernumerary,  xxx.  250  ; 
Variation  in  Position  and  Develop- 
ment of  (Brown),  xxviii.  194-208  ; 
wanting  in  Symelian  Monster,  xxv. 
203  ;  of  Delphinapierus,  xxx.  184  ; 
of  Grey  Seal,  xxx.  493 ;  of  Risso's 
Dolphin,  xxvi.  266. 

Kidney  and  other  Viscera,  Cystic  De- 
generation of  (Meigs),  xxvii.  454- 
463  ;  and  Spleen,  Forms  of  (Cun- 
ningham), xxix.  501,  p.  xxi. 

Kingbirds,  xxiiL  543. 

Kingfishers,  Foot  of,  xxvL  898. 

Kirk,  Dr  R.,  On  a  New  Acid  found  in 

Human  Urine,  which  darkens  with 

Alkalies  (Alcaptonuria),  xxiii   69- 

80. 

Kittens,  Temperature  of  Newly-born, 
xxv.  388. 

Knee,  Accessory  Supracondylar  Liga- 
ment at  Back  of  (Kempson  and 
Pendlebury),  xxviii  p.  iv. 

Knee-capsule,  Anterior  Part  oi^  xzviiL 
158. 

Knee-jerk,  xxviii.  458. 

Knee-joint,  in  Case  of  CongenitaUy 
Absent  Tibia,  xxiii.  602 ;  Innerva- 
tion of,  xxviii  188, 189 ;  Ligaments 
of,  in  Catarrhine  Monkeys,  xxviii. 
157  ;  Semilunar  Fibro-cartUagea  and 
Transverse  Ligament  of  (Higgins), 
xxix,    890-398;   True   Capsule   of 


(Higgins),  xxx.  289-291,  p.  iv; 
Varieties  of  Posterior  Crucial  Liga- 
ment of  (Higgins),  xxix.  pp.  v-s ;  of 
Microcephalic  Idiot,  xxviii.  442 ; 
of  Panjabi,  xxviii.  4 ;  Complete 
Septum  in  Femoro-tiMal  part  of, 
(Struthera),  xxviii.  p.  iii, 

Knock-knee,  xxv.  103;  Pathology  of 
(Humphry),  xxiv.  593-597 ;  Treat- 
ment of,  xxiv.  597. 

Koala,  xxv.  118  (note) ;  Brain  of,  xxx. 
481 ;  Digital  Bones  of,  xxviiL  59 ; 
Limb  Plexuses  in,  xxi.  618  et  «eg. ; 
Myology  of,  xxi.  107 ;  xxiv.  75 ; 
Ovary  of,  xxi.  174 ;  Sacral  Plexua 
in,  xxiii.  292  et  seq, 

Koch's  Comma  Bacillus,  xxvi.  411. 

Koganei,  Dr.,  Beitrage  zur  Phytdschen 
Anthropologic  der  Aino  (Notice), 
xxviii  885,  xxx.  818. 

Kolliker,  Prof.  A.  von,  Minute 
Anatomy  of  Spinal  Cord  and 
Cerebellum,  Demonstrated  by 
Golgi's  Method,  xxv.  443-460; 
Address  by,  in  Verhandlungen  der 
Anatomischen  Gesellachaft,  Mai 
1891,  xxvi  271  et  seq, ;  Handbach 
der  Oewebelehre  des  Menschen 
(Notice),  xxviii  880. 

Komchenbildungen,  xxv.  260. 

KUkenthal,  W.,  Untersuchungen  fiber 
die  Groashimfurchen  der  Primaten 
(Notice),  xxx.  813. 


La   GLYCOGiNiE   Animale  (Seegen) 

»    (Notice),  xxiv.  614.. 

Labial  Groove  of  Megaplara,  xxii.  120. 

Labium  Majns,  Mamma  on,  xxv.  234. 

LdbTu$y  Sound  Production  in,  xxix. 
221. 

Lacerta^  Temperature  of,  xxv.  877 ; 
agilUj  Male  Genital  Organs  of,  xxi. 
186,  187 ;  viridiSf  Anadidymus  of, 
xxvii.  416 ;  Male  Reproductive 
Organs  of  (Howes),  xxi.  185-189. 

LaceHilio^  Organ  of  Jacobson  in,  xxx. 
70  ;  Pelvic  Girdle  of,  xxi.  866 ; 
Pineal  Eye  of,  xxiL  502  s  Shoulder- 
girdle  of,  xxi.  195. 

Lachrymal  Duct,  Development  of, 
in  Crocodihis  parosus,  xxvii  157  ; 
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Gland,   Development  ot^  in  Oroeo- 
dUu8  poroatis,  xX7ii  169. 

Lact-albumin,  zxiz.  198. 

Lactic  Acid,  Action  of,  on  Kon-striped 
Masde,  zziv.  202. 

Lactiierona  Duct  of  Porpoise,  zxviii. 
28. 

L€tmarf%u,  Spiracles  of,  zxiv.  228. 

Lagenorhynditu,  zxiv.  190 ;  aetUutf 
zxiz.  471  ;  alHrosiris,  zziz.  471 ; 
Stomach  of,  zziii.  482,  488. 

Lagomys  microtia,  Sacrum  of,  zzvii. 
549. 

Lagostomus  triehodaetyhu^  Mamma 
of,  zzT.  282. 

Lagoth/rix,  firain  of,  zziz.  296 ;  zzz. 
SIS. 

Lamb,  I^lottis  of,  zziii  618 ;  with 
Limb  attached  to  Head,  zzviii.  88. 

Lamellibranchiata,  zzv.  170. 

Lamina  Cinerea  of  Omitiuirhynehui, 
zzz.  469. 

Lanma  eormUnca^  Spiracles  of  (Swart)| 
zxiv,  227. 

Lament,  Prof.  J.  C„  Note  on  the 
Nerrons  Supply  of  the  Masonlus 
Stemalis,  zzi.  514,  515 ;  Oblique 
Interosseous  Radio- Ulnar  Ligament 
in  Pnpjabi,  zzz.  505,  506. 

Lamprey,  Epiphysis  Cerebri  in  (Whit- 
weH),  zzii.  502-^04  ;  Liver  of,  zzv. 
178  ;  Vagus  in,  zzii.  885. 

Landois*  Mixture  for  Dissociation  of 
Elements  of  l^ervons  System,  zziv. 
165« 

Lane,  W.  Arbuthnot,  Rare  Abnor- 
mdity  of  the  Lai^  Arteries  of  the 
Heart,  zzi.  97-100 ;  A  Remarkable 
Example  of  the  manner  in  which 
Pressure-Ohanges  in  the  Skeleton 
may  reveal  the  Labour-History  of 
the  Individual,  xzi.  885-^06  ;  Oans- 
atlon  of  Several  Variations  and  Con- 
genital Abnormalities  in  the  Human 
Skeleton,  zzi.  586-610;  Coraco- 
Clavicular  Stenal  Muscle,  zzi.  678- 
674 ;  Abnormal  Muscle  of  Hand, 
zzL  674  ;  A  Tery  Important  Factor 
in  the  -Oausatioin  of  the  Curves  which 
Develope  in  MoHities  Ossiom, 
Rickets,  and  Osteitia  Deformans, 
zziL  15-27;  Can  the  Bziatenoe  of 


a  Tendency  to  Change  in  the  Form 
of  the  Skeleton  of  the  Parent  result 
in  the  Actuality  of  that  Change  in 
the  Offspring  9  zzii.  215-224  ;  Move- 
ments of  the  Ankle-joint,  zzii.  408- 
422 ;  Anatomy  and  Physiology  of 
the  Shoemaker,  zzii.  598-628. 

LaridcBf  Osteology  of,  zziii.  38,  35 
(note),  405;  zziv.  118, 175, 548;  zzv. 
60  et  geq.,  509  et  seq, ;  zzvii.  840. 

Larimits  detUex,  Sound  Production  in, 
zziz.  222. 

LarincB,  zzvii  839. 

Larks,  Meadow,  zzii  809. 

Lana  urgentaiua.  Osteology  of,  zzvii 
840. 

Laryngeal  Cartilages  of  Porpoise,  zziii 
257. 

Laiyngitis,  Voice  in,  zxvii.  485. 

Laryngoplegia,  zziii  531. 

Larynz,  Law  of  Transverse  Vibrations 
of  Strings  applied  to  (Woods),  zzvii 
481-435 ;  Myology  of  (Kanthack), 
zzvi  279-294  ;  of  Frogs  and  Toads, 
zziv.  420  ;  of  Grey  Seal,  zzz.  494  ; 
of  Hyrnna^  zziii  98  ;  with  Diver- 
ticulum (Griffith),  zxx.  p.  ZY. 

Lasiostoma  Curare,  zzvii.  405. 

Lateral,  Fissure,  zzv.  127  ;  Ligaments 
of  Knee,  zzviii  157  ;  Sinus,  Dikita- 
tioii  of,  causing  Ezcav&don  in  Skull 
(GrUnbaum),  zxv.  p.  zi 

Latter,  O.  H.,  Abnormal  Development 
of  Genito-urinary  System  of,  zziii. 
650 ;  Abnormal  Reproductive  Organs 
in  Rasaa  temporaria,  zziv.  869-872. 

Law  of  Transverse  Vibrations  of  Strings 
applied  to  Human  Larynz  (Woods), 
zzvii  431*485. 

Lawrence,  T.  W.  P.,  Hearts  with 
Abnormal  Valves,  zxv.  pp.  zv-zvii ; 
Human  Foetal  Monster^  zxvn.  p. 
ziv  ;  Position  of  Optic  Commissure, 
XXVIII.  p.  zviii-zz. 

Lawrie,  Rev.  J.  H.,'Kew  Hebrideans 
(Notioe),  zziz.  141,  142. 

Lead  Poisoning,  Blood  in,  zzv.  487  a 
seq. 

Lectures  on  Nervous  Diseases  from  the 
Standpoint  of  Cerebral  and  Spinal 
Localisation  (Ranney)  (Notice), 
zziv.  61L 
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Lee,  W.  G.,  Accessory  Digastric,  xxvi. 
p.  V ;  Levator  Glandulw  Thyroidea, 

XXVI.  p.  V. 

Leech,  Ovary  of,  xxi.  178. 

Lehrbach  der  Anatomie  der  Sinnorgane 
(Schwalbe)  (Notice),  xxiL  307. 

Leigh,  R.,  Note  on  a  Method  of  Pre- 
serving Blood-Gorpascles  for  Micro- 
scopical Examination,  xxii.  497. 

Leiostomiu  hunieralis,  Air-bladder  in, 
xxix.  226. 

Lemur,  Adductor  Magnus  of,  xxviii. 
167 ;  Flexor  Proftindus  Digitorum 
of,  xxviii.  885 ;  Larynx  of,  xxiiL 
588 ;  Muscles  of,  xziL  545  ;  xxiv. 
78  ;  indrif  Brain  of,  xxx.  812 ; 
mcngoz,  Tongue  in,  xxvi.  891 ; 
nigrifronSf  Brain  of,  xxv.  141  et  seq.  ; 
xxx.  812. 

Lemurida,  xxv.  144  ;  sublingual  plate 
in,  xxvi.  891. 

Lemuroidea,  xxiii.  588. 

Lemurs,  Skulls  of,  xxx.  886  et  aeq.  ; 
Mammse  of,  xxv.  228  et  seq,  ;  Uterus 
and  Placenta  of,  xxviL  875. 

Length  of  Bones  of  Fore-limb  of 
Horse,  Ass,  Zebra,  Hipparum,  Mesa- 
hippos,  Hyraeotherium,  and  Phena- 
eodus,  xxviii  867-869  ;  of  Dugong, 
xxviii.  826  ;  of  Palate  Process  of 
Maxilla,  Racial  Variation  in  (Rich- 
holz),  xxvi.  588-542,  p.  xxiv. 

Lennander,  E.  G.,  Om  appendicit 
(Notice),  xxviii.  884. 

Lenses,  Deflection  of  light  by,  xxi.  81. 

Lenticular  nucleus,  xxviii.  282,  288. 

Leonowa,  O.  von,  Ueber  das  Verhalten 
der  Neuroblasten  des  Occipital- 
lappens  bei  Anophthalmie  und  Bui- 
busatrophie,  und  seine  Beziehungen 
zum  Sehact  (Notice),  xxviii.  880. 

Leopard,  Hair-nerves  of,  xxvii  228, 
281  ;  Heart  of,  xxiii.  258. 

LepaSf  Organs  of,  xxv.  178. 

Lepidasiren,  xxix.  118  (note)  et  seq,  ; 
paradoxaf  Air-bladder  of,  xxix.  128. 

Lepidostsus,  xxix.  128,  485 ;  Liver  of, 
xxv.  179. 

Leprous  Bodies,  xxiii.  649. 

L^lftothrioBf  xxv.  417. 

Leptu,  Brain  of,  xxv.  107  et  seq,  ; 
Gustatory  Organs    in,   xxvi.    891 ; 


Pectoral  limb-girdle  of,  xxi.  365  ; 
Temperature  of,  xxv.  885  ;  ttmeri- 
canus,  Tongue  of,  xxiiL  567  ;  euui- 
etilus.  Abnormal  Development  of 
Genito-urinary  System  of  (Latter), 
xxiii.  650  ;  Crania  of  (Howes),  xxiv. 
p.  xvii ;  Hyoid  of,  xxx.  514  ;  tfaria- 
bilis,  Sknll  of,  xxiv.  p.  xviii. 

Leaser  Fin- Whale,  Pelvic  Bone  of, 
xxvu.  828. 

Lethal  Dose  of  Curara  for  Frog,  xxriiL 
99. 

Leucin,  xxvi.  409. 

Leuciseus  idus,  xxix.  587. 

Leucocytes,  Dry  Microsoopical  Pre- 
parations of,  xxiv.  162  ;  Pathological 
changes  in,  xxv.  487;  Physiology 
and  Pathology  of,  xxv.  852. 

Leucocythsmia,  Blood  in,  xxv.  480, 
486  et  seq, 

Leucocytosis,  xxv.  489. 

Leucorrhoea,  xxi.  240. 

Ligaments,  Nature  of  (Satton),  xziL 
542-558;  xxiii.  256-262;  Ossifica- 
tion of,  in  Acromegaly,  xxiv.  490  ; 
about  Shoulder  (Brodie),  zxiii.  p. 
xxi.  ;  Anterior  Annular  of  Ankle 
in  Dasyunu,  xxi.  219 ;  Anterior 
Chondro-stemal,  HypertropMed  in 
Shoemakers,  xxii.  594 ;  Calcaneo- 
cuboid, xxii.  409  et  seq. ;  xxv.  108  ; 
Calcaneo-floaphoid,  xxv.  103 ;  Coraco- 
acromial,  xxiii.  p.  xxL  ;  xxiv.  249  ; 
Coraco-humeral,  xxiii.  p.  xxL  ;  Del- 
toid, xxii.  409  ;  External  Calcaneo- 
astragaloid,  xxiL  409  ;  External  of 
Femur  of  Megaptera,  xxii.  278 ; 
Gimbemat's,  xxii.  547  ;  xxiv.  224  ; 
Glosso-epiglottidean  (Collier),  zziii. 
p.  xvii. ;  Hyo-epiglottidean,  xxiiL  ; 
262,  p.  ix;  Inferior  Calcaneo-scaphoid, 
xxii.  409  et  seq, ;  Inferior  Thyro- 
arytenoid, xxiii  262 ;  Internal  In- 
guinal, xxiv.  221 ;  lUo-femoral, 
xxii.  550  ;  Interpelvio  of  Meqaptem, 
xxii.  274  ;  of  Risso's  Dolphin,  xxvi. 
267  ;  Long  Plantar,  xxii.  410  ;  Perio- 
steal (Macalister),  xxv.  p.  v. ;  Poete> 
rior  Annular  of  Anthropoids,  xxvi. 
168 ;  Posterior  Annular  of  Wrist  in 
DasjfuruSf  etc.,  xxi.  129  ;  Ptarygo- 
spinous,  Frequency  of  Ossificatiou  of. 
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and  its  Relation  to  Branches  of  In- 
ferior Maxillary  Nerve,  xxvili.  68, 
66  ;  Spino-glenoid,  xxiy.  251  ;  Su- 
perior Astragalo-scaphoid,  zxiL  409 
et  seq,  ;  Superior  External  Calcaneo- 
Bcaphoid,  xxii.  409  et  seq.  ;  Superior 
Internal  Calcaneo  -  scaphoid,  xxii. 
409  et  seq.  ;  Superior  Thyro-aryte- 
noid,  xxiii.  262  ;  Transverse  or  In- 
ferior Tibio-fibular,  xxii«  414  ;  Trans- 
verse-humeral, XXIII.  p.  xxi.  ;  xxiv. 
247 ;  Vertical  Anterior  Manubrio- 
gladiolar,  Strong,  xxii.  594  ;  of  Cat- 
arrhine  Monkeys,  and  Corresponding 

■  Structures  in  Man  (Keith),  xxviii. 
149-168  ;  of  Elbow  in  Catarrhine 
Monkeys,  xxviiL  168 ;  of  Femur  of 
Whales,  xxvii.  297  ;  of  Henle,  xxiv. 
223  et  seq,  ;  of  Hesselbach,  xxiv. 
221  et  seq.  ;  of  Hip-joint  of  Quadru- 
manay  xxviii  158  ;  of  Inferior  Max- 
illa of  Catarrhine  Monkeys,  xxviii. 
166  ;  of  Knee-joint  in  Catarrhine 
Monkeys,  xxviii.  156;  on  Palmar 
Aspect  of  Carpus,  xxviii.  162  ;  of 
Pisiform  Bone,  xxviii.  162  ;  of  Thy- 
roid Gland  (Berry),  xxii.  p.  iv.  ;  in 
Situation  of  Stylo-auricularis  Muscle 
(Windle),  xxy.  p.  viL  ;  and  Tendons 
of  Shoulder-joint  of  Catarrhine  Mon* 
keys,  xxviii.  168. 

Ligamentous  Radio-ulnar  Band,  Ab- 
normal (Balgamie),  xxv.  p.  v. 

Ligamentum  Colli  Costse,  xxvii  264  ; 
Colli  Costs  Jugale,  xxvii.  258  ;  Con- 
jugale  Costarum,  xxvii  258  ;  Fundi- 
forme  of  Flexor  Longua  Hallucis, 
xxviii  155;  XXX.  408  ;  Lambdoideum, 
xxviii  151 ;  xxx.  408  ;  Posticum  of 
Knee-joint,  xxvii.  p.  xxiv.  ;  xxvii 
157 ;  xxix.  570 ;  Tuberculi  Costn 
Superius,  xxvii.  254. 

Ligation  of  Great  Arteries  in  Con- 
tinuity, with  Observations  on  Nature 
and  Treatment  of  Aneurism  (Bal- 
lance  and  Zdwards)  (Notice),  xxvi 
674-575. 

Ligature  of  Spermatic  Artery,  Sper- 
matic Veins,  and  of  both  Artery  and 
Veins,  Effect  of,  upon  Testes 
(Griffiths),  xxx.  81-105. 

Light,  Deflection  of,  by  Lenses,  xxi.  81. 


LimaXf  xxvii  238  ;  Liver  of,  xxv.  172. 

Limb,  Mammalian,  Position  of  (Pater- 
son),  xxiii  283-299 ;  Muscles, 
Morphology,  xxvii.  p.  xxxiv.  ;  My- 
ology of  Procyon  cancrivorm  and  of 
the  Ursidce  (Windle),  xxiii  81-89. 

Limb-plexuses  of  Mammals  (Paterson), 
xxi.  611-684. 

Limbic  Lobe,  Morphology  of  (Smith), 
xxx.  157-167,  185-205,  450. 

limbs,  Additional,  not  Connected  with 
Girdles,  xxviii.  88  ;  Lower,  of  Sjrme- 
lian  Monster,  xxv.  208  ;  Malforma- 
tions of,  xxvi.  439 ;  Multiplicity 
of  Parts  in,  xxviii.  29  ;  of  Elephant, 
Skin  of,  xxiv.  496  ;  of  Horse,  De- 
velopment of  Skeleton  of,  and  Poly- 
daclyly  (Ewart),  xxviii  286-256, 
842-869 ;  of  Microcephalic  Idiot, 
xxviii  440. 

Ximieo/cB,  xxix.  21  et  seq,  ;  Ovaiy  in 
xxii.  10. 

Limits  of  Hearing  (Love),  xxiii.  336- 
889. 

LimnodrUus,  Ovum  of,  xxii  10. 

Limosugoe,  xxix.  22. 

Lingual  Ducts,  Persistent,  xxv.  162  ; 
xxvi  94  et  seq. 

Lingual  Goitres,  xxv.  155. 

I4ocas8tSf  xxix.  112. 

Lion,  Brain  of,  xxii.  562  (note) ;  Trans- 
verse Humeral  Ligament  of,  zxiii. 
p.  xxi. ;  xxiv.  247. 

Lip  of  Foetal  Manatee,  xxviii.  881  ;  of 
Dugong,  xxviii  826. 

Lipomata,  Diffused,  xxvi  564 ;  in 
Joints,  xxiv.  860. 

Lisseneephala,  xxv.  114  etseq. 

Lithium  Salts,  Effects  of,  on  Reflex 
Excitability  of  Spinal  Cord,  xxvi. 
885. 

Lithopeedion  (Dean  and  Mamoch), 
xxviii.  77-83. 

Little,  J.  F.,  Depth  of  Cortex  of 
Kidney,  xxii.  p.  xxvi 

Liver,  Abnormal  Vascular,  Supply  of 
(Bolleston),  xxiv.  182-188;  Carci- 
noma of,  xxviii  145 ;  Fissures  of, 
xxii  597  ;  Origin  of  (Shore),  xxv. 
166-197  ;  Position  of,  xxvii  269 ; 
of  Anencephalous  Fostus,  xxx.  249  ; 
of  Frog,   Inter-  and  Intra-  lobular 
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Passages  in  (Fraser),  xxiz.  240-248  ;' 
of  Grey  Seal,  zsx.  492  ;  of  Hedge- 
hog, Histology  of,  zxyii.  107 ;  of 
ffyasna,  zzUu  93  ;  of  some  Inverte- 
brata,  Stractare  of,  xzr.  170 ;  of 
JAmaXf  XXV.  172 ;  of  Risso's  Dolphin, 
zxyi.  262 ;  of  some  Yertebrated 
Types,  Derelopment  of,  zzv.  177  ; 
Taberculous,  of  Bam  Owl,  xziii.  645 ; 
of  Peacock,  zxiii  645 ;  of  Snake, 
zzilL  642  ;  and  other  Viscera,  Cystic 
Degeneration  of  (Meigs),  zxvii.  454- 
478 ;  Anomalies  in  Lobulation  of 
(BoUeston),  XXYII.  p.  xxzi. 

Lizard,  Brain  of,  xxz.  157  ;  Develop- 
ment of  Lachrymal  dnct  in,  zzTii 
158 ;  Green,  Male  BeprodactiTe 
Organs  of  (Howes),  zzi.  185-189; 
Episternal  Bone  of,  zzvii.  282 ; 
Gastrocnemius  of,  xxriii  415 ; 
Organ  of  Jacobson  in,  xzx.  70. 

Loaches,  xxiz.  526. 

Lobulation  of  Kidneys  (Buchanan), 
XXYII.  p.  yii ;  of  Livers,  Anomalous 
(RoUeston),  xvii.  p.  xxxi. 

Lobus  hippocampi,  xxv.  108 ;  pyra* 
midalis^  xxr.  115. 

Locating  Various  Centres  in  Rabbit's 
Brain,  xxx.  25. 

Lockwood,  C.  B.,  Deyelopment  and 
Transition  of  Testis,  Normal  and 
Abnormal,  xxi.  635-664  ;  zziL  88, 
461,  505 ;  Cases  for  Moonting 
Fro2en  Sections  (Title  only),  xxL 
682  ;  xxii  6  ;  on  Transition  of  Testis, 
XXII.  p.  xxyi ;  Abnormality  of 
Fissure  of  Rolando,  xxiii.  p.  xri ; 
Right  Aortic  Arch,  xxiT.  p.  ir ;  In- 
terruption of  Sm^  Intestine,  xziv. 
p.  ziii;  Synostosis  of  Vertebra,  xxv. 
p.  iy  ;  Situation  of  Vermiform  Appen- 
dix, XXY.  p.  xviU;  Fossa  round 
Caecum,  and  Position  of  Vennifbzm 
Appendix,  with  Special  Reference  to 
Retro-peritoneal  Hernia,  xxri.  180- 
148 ;  Persistent  MtOIetian  Duct, 
XX7I.  pp.  i-ii. 

Loew's  Reagent,  Action  of  Glyoerine 
Extracts  of  Bacteria  on,  xxvi.  424  ; 
Preparation  o(  xxiri.  426. 

Loggerhead,  xxi.  2, 17. 

Loligo,  xxvi.  268. 


Lomvia,  Skeleton  of,  xxiii  401. 
Lonehurus  dtpruiUM,  Air-bladder  in, 

xxix.  227. 
Long  Plantar  Ligament,  xxviii.  156. 
Long  -  eared    Fox,    Hyoid    of,     xxx. 

517. 
Longfipenines,  xxir.    186 ;  xxv.    74 ; 

xxvi.  203  ;  xxix.  84  ;  Osteologj  of, 

xxiv.  548 ;  xxvii.  836. 
Longitudinal  Coat,  Rxtemal,  of  Bladder, 

xxv.  540. 
Longitadinal     Muscular    Masses     of 

Whale,  xxvii.  811. 
Loon,  Yellow-billed,  xxiv.  180. 
Loons,  xxiii.  4,  412 ;  xxiv.  543  ;  xxv. 

75 ;  xxvi.  199. 
Loop  Ligaments  of  Peronei  Mnscdea, 

xxviii.  158. 
Loose  Bodies  in   Joints  (Humphiy), 

xxiii.  492-504. 
Lophitu  pistaioriua.  Kidney  of,  xxiv. 

419  (note) ;   in   Stomach   of  Gi«j 

Seal,  xxx.  490. 
Lophura  ambonienais,    ficolioda    in, 

xxiiL  297. 
Loriearia,  xxix.  188,  526. 
Loricariini,  xxix.  524  (note)  st  seq, 
Loris,  Brain  of,  xxx.  812. 
Loris,  Prosimian  Javan,  xxv.  141. 
Lota  molfHif  xxix.  543. 
Love,  Dr  J.  E.,  Limits  of  Hearing, 

xxiii  886-889. 
Lower   Extremity   of  Paigabi,    Mor- 
phology of  (Charles),  xxviii  1-18  ; 

Muscles  and  Nerves  of^  xxviii.  170  ; 

Origin  and  Distribution  of  Nerves 

of  (Pateraon),  xxviii.  84-95, 169-193 ; 

Variability  of  Attachment  of  (Bir- 
mingham), xxv.  526-534. 
Lucas,  R.  0.,  Undesoribed  Groove  on 

Inner  Side  of  Spine  of  Sphenoid 

formed  by  Chorda  Tympsni  Nerve, 

XXIX.  pp.  ii,  iv. 
Luciaai,  L.,  II  oervelleto  ;  nuovi  stndi 

di  fisiologia  normals  e  pathologica 

(Notice),  xxvi  568-578. 
Ltid^uga  subterranea,  Air-Bladder  of, 

xxix.  401. 
Lumbar  Curve  in   Spine   of  Gorilla 

(Symington),  xxni.  -p,  xxv.  ;  Plexus 

in  Symelian  Monsters,   xxx.    178  ; 

Nerves  forming  Upper  and  Lower 
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Limits  of,  xxiz.  86,  43  et  seq,  ; 
Sagitto-vertical  Index,  xxiv.  119 ; 
Sectioii  of  Vertebral  Column,  Pro- 
portion of  Bone  and  Cartilage  in 
(Canningham),  xxiv.  117-126. 

Ltunbo-sacral  Plexus,  Compodtion  of, 
and  Origin  of  its  Branches,  xxviii. 
87 ;  Distribution  of  Nerves  of,  xxviii. 
169. 

LumbricttSf  Hepatic  Cells  of,  xxy.  175  ; 
Ovum  of,  xxii.  9,  18. 

Lunda  cirrahata,  xxiiL  4 ;  Osteology 
of,  xxiii.  545 ;  xxiv.  89  et  aeq.,  169 
etseq. 

Lung,  Fusible  Metal  Injection  of,  xxv. 
562;  with  Four  Lobes  (Bowles), 
xxYiii.  p.  il  ;  of  DdphtnajfUrtiSf 
XXX.  134  ;  of  Grey  Seal,  xxx.  497  ;  of 
JByoBna,  xxiii«  94  ;  of  Bats  and  Mice, 
Development  of  (Robinson),  xxiii. 
224-241 ;  of  Sheep,  Changes  pro- 
duced by  Parasitic  Worm  in  (Bewley ), 
xxi.  874-377. 

Lupus,  Temperature  of,  xxv.  885. 

Lutodeira  ehanos,  Accessory  Gill-snail, 
xxix.  138. 

Luira  vulgaris,  Brain  of,  xxii.  560 ; 
xxv.  128  ;  Great  Omentum  in,  xxx. 
355  ;  Muscles  of,  xxii.  545. 

Luxation  of  Humerus,  xxix.  467. 

Lyeasna  icarus,  Muscle  of,  xxvii.  172. 

Lymph,  Schema  of  Circulation  of 
(Charles),  xxu.  435-440. 

Lymphadenitis,  xxx.  59. 

Lymphadenoma,  xxv.  481  <^  seq,  ;  of 
Lymphatic  Glands  as  a  Distinct 
Pathological  Affection  (Sharp),  xxx. 
59-62. 

Lymphatic  Glands  of  OloHoeephalus 
melasy  xxvi.  268 ;  of  Hedgehog, 
xxvii  854. 

Lymphatics  of  Retina  (Musgrove), 
XXYII.  p.  ix. 

Lymphoma,  xxx.  59. 

Lymphosarcoma,  xxx.  59. 

Lymph-vessels,  Cysts  of,  xxvii.  461. 

MacitcuSt  Brain  of,  xxv.  287;  xxix. 
284;  xxx.  313;  Flexor  Brevis 
Pollicis  of,  xxii.  85 ;  Gustatoiy 
Organs  in,  xxvL  891 ;  Tail  of,  xxviii 
159;    arcMdes,    Brain    of,    xxix. 


295;    Gluteal    Sheath    of,    xxviii 
159 ;      eaiUtfichus,     Muscles     of, 
xxii.    545 ;   cynomolgus,  Brain  of, 
xxix.  295  ;  Papillary  Ridges  of,  xxx. 
815;   Muscles  of,    xxii    545;    and 
nemestrinus,  Absence  of,  Opponons 
hallucis  in,   xxii.   91 ;    erythrcsus, 
Nerves   of.    Hair   of,    xxvii    231 ; 
nemestrinus,  xxiv.  120  ;  Brain  of, 
xxix.  295  ;  Innervation  of  Lumbri- 
oales  in,  xxi.  580  ;  Thumb  Muscles 
of,     xxii.     84 ;      cynomolgus     and 
arctoides,    Origin    of    Carotid   and 
Subclavin  in,  xxix.  458-458  ;  niger, 
Brain  of,  xxix.  295  ;    Ligaments  of, 
xxviii.     149 ;     radiatus,     Gluteus 
quartns  in,  xxii  552  ;  rJtesus,  xziii. 
p.  xii  ;  xxiv.  120,  128  ;  Anatomy  of 
Advanced  Pregnancy  in,  xxvii.  361- 
376 ;  Distribution  of  Sixth  Lumbar 
Nerve  in,  xxix.  p.  xix ;  Fallopian 
Tubes  of  (Sutton),  xxiv.  p.  xv  ;  In- 
nervation of  Muscles  of  Lower  Limb 
of.  Compared  with  Man,  xxviii  183  ; 
Sensory  Nerve  Supply  of  Hind  Limb 
of  (Sherrington),  xxvi.  p.  xv ;   sil- 
enus,  Fibrous  Band  on  Dorsum  of 
Scapula  of,  xxx.  p.  xiv  ;    sinicus, 
Muscles  of,  xxii  545  ;  Undescended 
Testicle  in  (Sibley),  xxiL  p.  xxiv. 
Macalister,     Prof.    Alex.,     Note    on 
Some  Common  Errors  in  Descrip- 
tions of  Brachialis  Anticus  Muscle, 
xxi    682 ;    xxii.    p.   ii ;    Various 
Skulls,   XXI.  p.   xii ;    Specimens  of 
Abnormalities,  xxiii.  p.  i ;  Amend- 
ment of  Anatomy  Act,  xxiii.  p.  xix  ; 
Scheme  of  Collective  Investigation, 
xxiii.  p.  xix  ;  Text-Book  of  Human 
Aiiatomy,Systematicand  Topographi- 
cal (Notice)    xxiv.   612 ;    Egyptian 
Skulls,  Cervical  Fascia,  Muscular  and 
Vascular     Anomalies      and      New 
Methods  of  Preservation,  xxv.  p.  iii ; 
Periosteal  Ligaments,    xxv.  p.    v  ; 
Anatomical  Abnormalities,  xxvi.  p. 
ii ;  Appendix  to  Report  of  Collective 
Investigation  Committee,  xxvi.   p. 
vi ;  Notes  on  Acromion,  xxvii.  245- 
251.   p.   xvii ;    First  Costovertebral 
Joint,     xxYii«    252-256,    p.    xvii; 
Development    and     Variations     of 
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AtlBB,  XXYII.  519,  p.  xxxviii; 
Development  and  Varieties  of  Second 
Cervical  Vertebra,  xxviii.  267-268, 
p.  vi ;  Anatomical  Nomenclatare, 
XXVIII.  p.  xvi. 

Macaque  Monkey,  Limb  Plexuses  in, 
xxi.  620 ;  Menstruation  in,  xxvii. 
372 ;  Myology  of,  xxviii.  149 ; 
Opponens  hallucis  in,  xxii.  78. 

MacCallan,  H.  F.,  Communication  be- 
tween Facial  and  Glosso-pharyngeal 
Nerves,  xxix.  pp.  xxviii-xxx. 

MacOormick,  Dr  Alex.,  The  Myology 
of  the  Limbs  of  Dasyurus  vivcrrintLS, 
xxi  103,  199  ;  Position  of  Epiglottis 
in  Swallowing,  xxvi.  281-238. 

Macfadyen,  Dr  Allan.  The  Behaviour 
of  Bacteria  in  the  Digestive  Tract, 
xxi.  227-238,  418-437;  Chemical  Pro- 
cesses in  Small  Intestine  of  Man, 
XXV.  390-427  ;  Mastitis  bacillus, 
XXV.  671-577  ;  Research  into  Nature 
and  Action  of  Enzymes  Produced  by 
Bacteria,  xxvi.  409-429. 

M'Gregor,  Dr  A.  N.,  Repair  of  Bone 
with  Special  Reference  to  Transplan- 
tation and  other  Artifical  Aid,  xxvi. 
220-230. 

Mackay,  Dr  J.  Y.,  Memoirs  and 
Memoranda  on  Anatomy  (Notice), 
xxiv.  613. 

M'Kendrick,  Prof.  J.  6.,  Special 
Physiology :  including  Nutrition, 
Innervation,  and  Reproduction 
(Notice),  xxiv.  613  ;  Letter  on 
Maternal  Impressions,  addressed  to, 
xxviii.  450-451 ;  Tone  and  Curves 
of  Phonograph,  xxix.  583-692. 

McLaren,  J.  S.,  Case  of  Congenital 
Absence  of  Tibia,  xxiii.  598-605. 

Macrocephalic  or  Hydrocephalic  Skull, 
xxix.  319. 

Macrodactyly,  xxvii.  428 ;  xxx.  462 ; 
and  some  other  Forms  of  Congenital 
Overgrowth  and  their  Relation  to 
Tumours  (Humphry),  xxvi.  557- 
567. 

MacrodoUf  xxix.  409. 

Afacrones,  xxix  112  et  seq,  ;  nemurus, 
xxix.  540  et  seq. 

MacropuSf  Brain  of,  xxv.  107  et  seq.; 
xxvii.  72;  xxx.  168  et  seq, ;  187  et 


seq.,  481 ;  Extensor  Carpi  Radialis  of, 
xxi.  124  ;  Organ  of  Jacobson  in,  xxvi. 
371-374;  niger,  Sections  of  Snout 
of,  xxx.  425 ;  rufus,  Muscles  of, 
xxii.  545 ;  leonintts.  Brain  of,  xxiL 
554  et  seq.  ;  xxv.  131 ;  Psoas  in, 
xxiii.  506 ;  Pineal  Body  of,  xxii. 
301. 

Macroscdides,  xxv.  114  (note). 

Macrosmatic  Animals,  xxx.  163  ;  Mam- 
malia, xxv.  106. 

Macrostomia,  xxix.  465. 

Madogna  philHpsi,  Anatomy  of,  xxx. 
523. 

Maddox,  Ernest  E.,  Investigations 
in  Relation  between  Convergence  and 
Accommodation  of  the  Eyes,  xxi.  21- 
42. 

Magnesiimi  Sulphate,  Action  of,  on  Egg 
Albumen  by,  xxiv.  295  ;  on  Vitellin, 
xxiv.  298  ;  on  Serum  Globulin,  xxiv. 
300  ;  Saturation  of  Milk  with,  xxix. 
190,  197. 

Magnetism,  Effect  of,  on  Incubating 
Eggs,  xxvii  447 ;  Influence  of,  on 
Development,  xxix.  346-351. 

"Magoora"  (Ceylon  Fish),  xxix.  116 
(note). 

Magot,  Flexor  Brevis  hallucis  in,  xxii 
91. 

Magpie,  American,  Skull  of,  xxii  321. 

Magpies,  xxii  309  et  seq. 

Mahon,  Dr  R.  B.,  Abnormal  Arrange- 
ment of  the  Kidney  and  its  Vessels, 
xxui.  339-340. 

Makins,  G.  H.,  Planes  of  Subperitoneal 
and  Subpleural  Connective  Tissue, 
with  their  Extensions,  xxv.  78-86,  p. 
xix  ;  Experiments  on  Cranio-Cerebral 
Topography,  xiii.  455-465,  p.  xiii. 

Malacostraeaf  Ceeca  of,  xxv.  173. 

MalapteruruSj  xxix.  211,  421,  550  et 
seq.  ;  electricus,  xxix.  619  ;  Sound 
Production  in,  xxix.  209. 

Male  Reproductive  Organs  Absent  in 
Two  Hermaphrodite  Molluscs  (Col- 
linge),  xxvii.  237-238. 

Malformation,  Congenital,  of  Heart 
(GriflSths),  xxix.  pp.  xiv-xviii;  of 
Female  Organs  (Hepburn),  xxv.  24- 
30  ;  of  Fingers  (Wilkie),  xxiv.  167- 
168  ;  of  Heart  (Probyn- Williams), 
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zzriii.  805-808  ;  Congenital,  with 
Vascnlar  Abnormalities  and  Trans- 
position of  Viscera  (Griffith),  xzvi. 
117-129  ;  with  large  Deficiency  in 
Interauricnlar  Septun,  Patency  of 
Foramen  Ovale  and  Stenosis  of  Aortic 
Orifice  (Greenfield),  xziv.  423-433; 
with  Transposition  of  Great  Arteries 
(Sanders),  xxviL  464-473;  with 
Transposition  of  Viscera  (Griffith), 
XXV.  p.  18. 

Malformations  due  to  Deficient  Vascu- 
larity, xxvii.  450  ;  Early,  of  Embryo 
(Windle),  xxvii.  436-453;  Artifici- 
ally produced,  xxvii.  441 ;  Identi- 
cal, in  Twins  (Windle),  xxvi  295- 
299  ;  of  Kidney,  xxviii  207. 

Malformed  Heart  and  Great  Vessels 
(Freyberger),  xxx.  p.  xix ;  Uterus 
(Reid),  xxi.  382. 

Malignant  Disease,  Blood  in,  xxv.  487  ; 
Growths,  xxvi.  565  ;  Jaundice,  xxv. 
487. 

Mammoe,  Supernumerary,  xxvii.  421  ; 
Dorsales,  xxv.  231 ;  Erraticie,  xxviii. 
33  ;  and  Development  of  Neoplasms 
from  Supernumerary  Mammary 
Structures  (Williams),  xxv.  225-255. 

Mammalia,  xxvii.  375 ;  Aortic  Arches 
of,  xxi.  367  ;  Arterial  Roots  in,  xxix. 
p.  xvii ;  Brain  of,  xxv.  105 ;  xxvii.  69 
et  seq.  ;  Carpus  and  Tarsus  of,  xxi. 
367  ;  Development  of  Liver  in,  xxv. 
187;  Embryonic  Membranes  in,  xxiv. 
1  el  seq.  ;  Hyoid  of  (Howes),  xxx.  513- 
526  ;  Innervation  of  Lumbricals  in, 
xxi.  580  ;  Organof  Jaoobsonin,  xxx. 
70 ;  Pectoral  Limb-girdle  of,  xxi. 
365 ;  Pelvic  Limb-girdle  of,  xxi. 
365 ;  xxvii.  550 ;  Relation  of,  to 
the  lehthyopsida  and  Sauropsida 
(Shore),  xxi.  362-373;  Skulls  of, 
xxi.  863,  469 ;  Sexual  Glands  of, 
xxiv.  28  ;  Stomomastoid  of,  xxii. 
401 ;  Taste  Organs  of,  xxiv.  85  ; 
xxv.  505 ;  with  Intra-narial  Epig- 
lottis, List  of,  xxiii.  595-597. 

Mammalian,  Ear,  Auditory  Ossicles  of, 
xxix.  417  ;  Heart,  construction  of 
Ventricles  in  (Brown),  xxiii.  250- 
255  ;  Limb,  Position  of  (Paterson), 
xxiii.     283-299 ;    Muscle,     Experi- 


ments on,  xxix.  387 ;  Pelvis  with 
Especial  Reference  to  Toung  of 
OmitJiorhynehus  anatinus  (Howes), 
XXVII.  543-556,  p.  xxxviii  ;  Pharynx 
and  Epiglottis  (Bowles),  xxiii.  606- 
615  ;  Respiratory  Apparatus,  Sugges- 
tion Concerning  Phylogeny  of 
(Howes),  xxiii.  263-272. 

Mammary  Adenomata,  xxvi.  565 ; 
Gland  in  Gravid  Porpoise  (Hepburn), 
xxviii.  19-24 ;  of  Great  Finner 
Whale,  xxviii.  24 ;  Variations  per 
defectum  (Williams),  xxv.  304- 
315. 

Mammillffi,  xxv.  226  ;  in  Male  Beluga, 
xxii.  117  (note). 

Mammillary  Pouch  of  MegapUra,  xxii. 
117. 

Mammoth,  xxix.  426. 

Man,  Action  of  Nitrite  of  Sodium  on, 
xxii.  233 ;  Convolutions  of.  Com- 
parison of  those  of  Seals  with 
(Turner),  xxii.  554-581  ;  Effect  of 
Castration  on  Generative  Organs  of, 
xxiv.  35 ;  False  Vocal  Cords  of, 
xxiii.  259 ;  Foot  of,  xxvii.  123 ; 
Gluteus  quartus  in,  xxii.  552  ;  Hand 
of,  xxvii.  120  ;  Hermaphroditism  in, 
xxi.  185 ;  Limb  Plexuses  in,  xxi. 
620  ;  Lost  Incisors  in  (Windle),  xxi. 
84-96 ;  Microscopical  Examination 
of  Clarke's  Column  in  (Mott),  xxii. 
479-495 ;  Muscular  Nerve-Supply  in, 
xxiii.  207  ;  Nerve  Endings  on  Hairs 
of,  xxvii.  229  et  seq,  ;  Nerves  of, 
xxiii.  288  et  seq.,  437 ;  Olfactory 
Apparatus  of,  xxv.  106  ;  Respiratory 
Organs  of,  xxiii.  235  ;  Sacral  Plexus 
in,  xxiii.  292  et  seq,  ;  Taste  Organs 
in,  xxiii.  205  ;  with  24  Fingers  and 
24  Toes,  xxiii.  248  ;  and  Apes, 
Transitional  Forms  between  (Turner), 
xxix.  424-445. 

Manatee,  Brain  of,  xxv.  126  (note); 
Foetus  of,  xxviii.  328  ;  Intra-narial 
Epiglottis  in,  xxiiL  589  ;  Nerves  of, 
xxiii.  289. 

Manatus  austraXis,  Anatomy  of,  xxx. 
523 ;  Intra-narial  Epiglottis  in, 
xxiii.  592  ;  Muscles  of,  xxiv.  76 ; 
Temperature  of,  xxv.  385 ;  amerv- 
canus,  xxiii.  593  ;  senegalenns  and 
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ffalieore  dugong,  Foetus  of  (Tarner), 
xxviii.  816-382. 

Mandibular  Angle,  xxvi.  p.  zxiv. 

Mangaby,  Brain  of,  zxiv.  150. 

ManiSf  Absence  of  Flexor  Sdblimis 
digitorum  in,  xxiv.  78  ;  Skull  of, 
zxi  865  ;  temmincki,  xzv.  120 
(note). 

Mann,  Dr  6.,  Histological  Changes  In- 
duced in  Sympathetic,  Motor,  and 
Sensory  Nerve  Cells  by  Functional 
Activity,  xxix.  100-108 ;  Homo- 
plasty  of  Brain  of  Rodents,  Insecti- 
vores,  and  Carnivores,  xxz.  1-85. 

Manners-Smith,  T.,  Description  of  Two 
Symelian  Monsters,  zxx.  169-184 ; 
Anatomy  of  Sirenomelian  Monster, 
zzz.  507-512. 

Mann's  Fixing  Solution,  xxix.  488. 

Manouvrier,  L.,  l^tude  sar  les  Variations 
Morphologiques  dn  corps  dn  F^mur 
dans  I'esp^ce  humaine  (Notice),  xxix. 
142,  144. 

Manual  of  Anatomy  for  Senior  Students 
(Owen)  (Notice),  xxiv.  613. 

Manus  of  Foetal  Dugong,  xxviii.  816  ; 
of  Qrey  Seal,  xxx.  414  ;  of  Horse, 
xxviii.  241. 

Manx  Cat,  Tail  of,  xxviii.  875. 

Marchand,  Prof.  D.,  Die  Morphologic 
des  Stimlappens  und  der  Insel  der 
Anthropomorphen  (Notice),  xxvii. 
564. 

Marchi,  Dr  V. ,  Sull'origine  edecorso  dei 
peduncoli  cerebellari  e  sui  loro  rap- 
porti  cogli  altri  centri  nervosi,  xxvi. 
568-573. 

Mare,  Mammse  of,  xxv.  288. 

Marginal  Convolution,  xxv.  127. 

Marmoset  Monkey,  Brain  of,  xxii  579  ; 
xxv.  126  et  seq. 

Marmot,  Brain  of,  xxv.  10,8  et  seq, ; 
Stomach  of,  xxvii.  97. 

Mamoch,  J.,L]thop£edion,  xxviii.  77-88. 

Marrow,  Cells  of,  xxiv.  255;  xxviii.  127 ; 
of  Bones,  Structure  of,  in  relation  to 
Blood  Formation  (Muir  and  Drum- 
mond),  xxviii.  125-141 ;  Method 
of  examining  (Muir),  xxvi.  898-894. 

Marsh  Blackbirds,  xxii  881  et  seq, 

Marshall,  Dr  C.  F.,  Thyro-Glossal 
Duct  or  Canal  of  His,  xxvi.  94-99  ; 


Variations  in  Form  of  Thyroid  GUad 
in  Man,  xxix.  284-239. 

Marshall,  Prof.  J.,  Bnin  of  late  George 
Grote,  F.R.S.,  with  Comments  and 
Observations  on  Human  Bndn  and  its 
parts  generally,  xxvii.  21-68  ;  Bek- 
tions  between  Weight  of  Braiii  and  its 
Parts,  and  Stature  and  Mass  of  Body 
in  Man,  xxvi.  445-500. 

Marsipobranehif  Ovaiy  in,  xxi«  178. 

Marsipobranchii,  Vagus  in,  xxii.  98S. 

Marsupialia,  xxiiL  590 ;  xxiv.  38, 359 ; 
xxvL  871 ;  xxvii.  875 ;  xxix.  pi 
xxviii ;  Brain  of,<xxiL  |554 ;  xxv.  117  et 
seq, ;  Cerebral  Commissures  in  (Sym- 
ington), xzviL  69-84 ;  Coraeotd  of, 
xxvi.  404;  Innervation  of  Lumbrieals 
in,  xxi.  580 ;  Intra-narial  Larynges 
in,  xxiii.  266  ;  Mammie  of,  xxv.  227  ; 
Mesentry  of,  xxx.  853  ;  MusdeB  of, 
xxiv.  78  et  seq, ;  Pyramidalis  Mnade 
in,  xxii.  546  ;  Skull  of,  xxL  365 ; 
Yolk  Sac  in,  xxvi.  308 ;  Am^can, 
Prehallux  of,  xxiv.  245. 

Martin,  Dr  R.,  Zur  Phyaischen  Anthio- 
pologie  der  Feuerlander  (Notioe), 
xxix.  141,  148. 

Martinotti's  Method  for  Elastic  Fibres, 
xxiv.  604. 

Mass  of  Body,  Relations  between  Brain- 
Weight  and,  xxvi  482. 

Mastitis  bacillus  (Macfadyen),  xxv. 
571-577. 

Mastoid  and  Occipital  Regions,  Pto- 
ceases  of  (ComerX  xxx.  386-389. 

Maternal  Impressions  (M'Kendriek), 
xxviii.  450-451. 

Matthews,  Dr  W. ,  Apparatus  for  tracing 
Orthogonal  Projections  of  the  Skull 
in  the  United  States  Medical  Museum, 
xxi.  43-45 ;  an  Apparatus  for  de- 
termining the  Angle  of  Torsion  of 
the  Humerus,  xxL  536-538. 

Mange's  Dasyurus,  Brain  of,  xxvii. 
69. 

Meadow  Larks,  xxii.  309  et  seq, 

Meais,  Dr  W.  P.,  Abnormal  Distribu- 
tion of  Arteries  and  Veins  in  the 
Neck,  xxiL  804-307. 

Measurements  of  Great  Fin-Whale 
{Balosnoptera  museulus),  xxvii  330  ; 
of  Punjab  Skulls,  Tables  of,  xxvii. 
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ie-20 ;  of  Tibis,  Table  of,  xxyiil 
18. 

Meatus  aaditorius  ezternus  of  Dngong, 
xzviii.  826 ;  of  Foetal  Manatee, 
zxviii.  380  ;  of  Megaptera,  .  zziii. 
860. 

Meatuses  of  Nose  and  Spongy  Bones, 
Disposition  of,  zxviii.  68,  78. 

Meohanical  Stimuli,  Action  of,  on  Non- 
striped  Muscle,  zziv.  200. 

Mechanism  of  Heart  and  Pulse,  xxii. 
p.  xiii ;  of  Walking  (Smith),  xzv. 
666-570. 

Meckel's  Cartilage,  xxii.  82 ;  Diverticu- 
lum (Buchanan),  xxvii.  559-568 ; 
Gases  of  (Eelynack),  xxvi.  554-555  '> 
Occurrence  of,  xxv.  76,  91 ;  Ab- 
normal Position  of  (Glarkson  and 
Oollard),  xxvi.  444. 

Medulla,  Tracts  of,  xxvii.  286. 

Meek,  A.,  Occurrence  of  Jaoobson's 
Organ,  and  Development  of  Nasal 
Cavity,  Lachrymal  Duct,  and 
Harderian  Gland  in  Crocodilus 
porosuSy  xxvii.  151-160. 

"Megalacria,*'  xxv.  p.  x. 

Megaloblast,  xxv.  864. 

Megalocyte,  xxv.  862. 

Megaptera^  Carpus  of,  xxix.  145 ; 
lakmdiif  Osteology  of,  xxiii.  871 ; 
longimanaf  Anatomy  of  (Struthers), 
xxii.  109-125,  240-282,  441-460, 
629-654;  xxiii.  124-168,  808-885, 
858-873  ;  Digits  of,  xxx.  147  (note) 
et  seq.;  Pelvic  Apparatus  of,  xxvi. 
267 ;  Rudimentary  Hind-limb  of, 
xxvii.  291-335. 

Meigs,  Dr  A.  V.,  Cystic  Degeneration 
of  Heart,  Spleen,  Liver,  and  Kidneys, 
xxvii  454-463. 

MekSf  Muscles  of,  xxiv.  77  ;  tcuDidea, 
Great  Omentum  of,  xxx.  855  ;  taxus, 
Brain  of,  xxii.  559 ;  xxv.  128 ; 
Muscles  of,  xxii.  545. 

MeUtia  thryssa,  Acceasory  Gill-snail 
in,  xxix.  188. 

MelHvora  iiuiica,  Brain  of,  xxii.  560. 

Melsome,  W.  S.,  Variation  of  Sigmoid 
Flexure  of  Colon,  xrvii.  p.  xxx ; 
Hour-glass  Stomach  with  Peculiar 
Pyloric  Orifice,  xziz.  p.  xxvi. 

Membrana  reuniens,  xxviii.  257. 


Membrane  in  Front  of  Vitreous  (Stuart), 

XXVI.  p.  ii. 
Membranes   in   a   State   of    Tension 

(Woods),  xxvi.  362-870  ;  of  Chick, 

Developing,  mode  of  Demonstrating 

(Stuart),  xxv.  299-800. 
Memoir  on  the  Anatomy  of  the  Hump- 
back Whale  {Megaptera  longimana) 

(Struthers),  xxiv.  612. 
M^moires  surle  Cerveau  de  I'Homme 

et   des   Primates  (Broca)  (Notice), 

xxii.  498. 
Memoirs  and  Memoranda  on  Anatomy 

(Cleland,     Mackay,     and     Young) 

(Notice),  xxiv.  613. 
Meningocele,  xxvii.  421. 
MenobranchttSf   Stimulation  of  Vagus 

in,  xxii.  3. 
Menopoma,  xxiv.  p.  xvii  ;  alleghanense, 

Scoliosis  in,  xxiii.  297. 
Menstruation — its  Nerve  Origin — not 

a   Shedding  of  Mucous  Membrane 

(OKver),  xxi.  378-884. 
Menstruation  in  Apes,  xxvii.  372. 
Mental  Canal,  xxix.  864. 
Menzies,  W.  F.,  Two  Cases  of  Single 

Kidney,  xxi.  510. 
Mephitis  mephiticaf  Taste  Organs  of, 

xxv.  506. 
Merluccitis  vulgaris^  Swim-Bladder  of, 

xxx.  549. 
Mesenteric  Ganglion,  xxix.  65. 
Mesenteron,  Glands  of,  xxv.  166. 
Mesentery     of     (Edematous     Foetus, 

xxiii.  534. 
Mesitidaij  xxix.  25. 
Meso-Appendix,  xxvi.  186. 
Mesoblast,    xxvi.   812 ;    Cleavage   of, 

xxiv.  2  ;  of  Double  Embryo  Chick, 

xxv.  819. 
Mesodidymi   of   Bony    Fishes,   xxvii. 

415 ;     of    Salamandra    macitlata, 

xxvii.  416. 
Mesohippus,    Length    of    Fore-Limb 

Bones  of,   xxviii.   367-868  ;  Limbs 

of,  xxviii.  237  et  seq,,  849  et  seq. 
Mesonephros,  xxii.  39  ;  Relation  of,  to 

Suprarenal  Bodies,  xxii.  471. 
Mesoplodon  hidens,  Stomach  of,  xxiii. 

466. 
Mesorchium,  xxii.   60,   505 ;  Superior 

Attachments  of,  xxii.  580. 
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Mesostomnm,  zxiy.  274. 
Mesovarium,  xxii.  60. 
Metacarpo-Phalangeal  Joint  of  Embryo 

Horse,     xxviii.    846;    of    Thumb, 

Moyements  of  (Parsons),  zxiz.  446- 

452. 
Metakinesis,  xjxv,  276. 
Metatheria,  xxlii.  599 ;  xxx.  158,  185 

et  seq,y  482  ;  Pyramidalis  Muscle  in, 

xxii.  546. 
Methsemoglobin,  Composition  of,  xxvi. 

71. 

Method  of  Preserving  Blood-Corpuscles 
for  Microscopical  Examination,  xxii. 
497. 

Methyl-benzoyl-ecgonin,  xxL  46, 

Methylene  Bine,  xxiy.  162. 

Methyl-green  Salt  Solution,  xxy.  257. 

Methyl-mercaptan,  xxvi  409. 

Methyl-strychnium,  Poisoning  with, 
xxiv.  389. 

Methyl-strychnium  Hydrochlorate 
injected  into  Frog  with  Posterior 
Extremities  Protected,  xxiv.  518. 

Methyl-violet  Salt  Solution,  xxv.  257. 

Mettam,  Prof.  A.  E.,  Rndimentary 
Metacarpal  and  Metatarsal  Bones  of 
Domestic  Ruminants,  xxix.  244-258. 

Mice,  Development  of  Lungs  of  (Robin- 
son), xxiii.  224-241  ;  Pyramidal 
Tract  of,  xxiv.  p.  iii. 

Mitchell,  R.  W.,  Topography  of  Rec- 
turn,  XXVI.  pp.  xxi.,  xxiii. 

Microanencephalus,  xxvii.  451. 

Microcephalic  Idiots,  Brains  of  (Cun- 
ningham and  Smith),  xxix.  p.  ii  ;  or 
Idiot  Skull  and  Macrocephalic  or 
Hydrocephalic  Skull  (Humphry), 
xxix.  304-828. 

Microcephalous  Dwarfs,  xxvii.  417. 

Microcephaly  and  Infantile  Hemiplegia 
(Thomson),  xxviii.  419-444. 

Micrococcus  serogenes,  xxv.  418. 

Microcyte,  xxv.  863. 

Microgale,  xxrv.  p.  xix. 

Microgyri,  xxiv.  p.  xi. 

Micromazia,  xxv.  308. 

Microphthalmia,  xxvii.  418  ;  xxix.  18, 
465. 

Mieropogon,  xxix.  223  (note)  et  acq,; 
undtUatus,  xxix.  120  (note) ;  Sound 
Production  in,  xxix.  222. 


MieropUron  hidaM,  Stomach  of,  xxiii. 
466. 

Microscope,  Compound,  Tercentenary 
of  (Rutherford),  xxv.  pp.  iv-xxi ; 
Improved  Method  of  Preparing  Laige 
Sections  for  (Webster),  xxv.  278-281. 

Microscopical  Examination  of  Clarke's 
Column  in  Man,  the  Monkey,  and  the 
Dog  (Mott),  xxii  479-495  ;  Prepara- 
tions, Dry  (Stirling),  xxiv.  160-166  ; 
Reconstruction  (Dixon),  xxviii.  p. 
xvii. 

Microsmatic  MammaMaf  tsy,  106. 

Microspectroscope,  xxL  40. 

Microtome,  xxv.  278 ;  Freezing,  and 
Hsmatoxylene-copper  Stain  (Hamil- 
ton), xxi.  444-449. 

Mierotus,  Anatomy  of,  xxx.  524. 

Midas,  Brain  of,  xxx.  818 ;  rosoLia^ 
Supernumerary  Tooth  in,  xxi.  84-96. 

Mildew  of  Wheat,  xxL  249. 

Miles,  A.,  Applications  of  Method  of 
Injection  with  Fusible  Metal,  xxv. 
562-565. 

Milk,  Chemistry  and  Coagulation  of 
(Harris),  xxix.  188-200;  Reaction 
and  Coagulability  of,  xxix.  190 ; 
Saturation  of,  by  Neutral  Salts,  xxix. 
190 ;  and  Blood,  Similarities  between, 
xxix.  198  ;  Dissimilarities  between, 
xxix.  199. 

"  Milk-Faeces,"  xxv.  414. 

Milk  Glands  in  Male  Whales,  xxii.  117 
(note). 

Mills,  Dr  T.  Wesley,  The  Rhythm 
and  Innervation  of  the  Heart  of 
the  Sea-Turtle,  xxi.  1-20;  on  the 
Physiology  of  the  Heart  of  the  Snake, 
xxii.  1-8 ;  Text>Book  of  Animal 
Physiology  (Notice),  xxiv.  612. 

Milne  Edwards,  A.,  and  Others, 
Observations  sur  Deux  Orang  Outans 
Adultes  Morts  k  Paris  (Notice),  xxx. 
814. 

Mink,  Gustatory  Organs  of,  xxiii.  205. 

Minor  Duplicity,  Forms  of,  xxviii.  25  ; 
Explanations  of,  xxviii.  84  ;  Nature 
of,  xxyiii.  86. 

Minot,  0.  S.,  Human  Embryology 
(Notice),  xxviL  429. 

Minute  Structure  of  Reticulum  in  Cat's 
Spleen  (Carlier),  xxix.  479-484. 
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Miohippus,  Limbs  of,   xxviii.   251  et 

seq. 
MisgumuSf  xxix.  529  et  »eq.;  fossilis, 

xzix.  418  (note). 
Misplaced    Kidney    with    Abnormal 

Arterial  Sapply  (Brodie),  xxYii.  p. 

XXXV. 

Mitchell,  P.  C,  Double  Embryo  Chick, 
xxv.  816-824. 

Mitosis  in  Salamander,  xxiv.  602 ; 
Methods  of  Martinotti  and  Resegotti 
for,  xxiv.  603. 

Mitral  Constriction  and  Incompetency, 
xxiii.  45 ;  Constricted  and  Incom- 
petent, Aortic  Natural  Size  but  In- 
competent, xxiii.  47,  65  ;  Constricted 
but  Competent,  Aortic  Normal,  xxiii. 
62 ;  Dilatation,  xxiii.  46,  61 ;  Incom- 
petency with  Stenosis,  Aortic  Normal, 
xxiii.  60  ;  and  Aortic,  Disease  of, 
xxiii.  47,  62. 

Micturition,  xxix.  268. 

Mixed  Dentomata,  xxi.  666. 

Model  for  Demonstrating  Action  of 
Muscles  of  Eyeball  (Birch),  xxiii. 
107-108  ;  of  Eye  (Stuart),  xxvi.  p. 
ii ;  of  Brain  (Cunningham),  xxiii.  p. 
xL 

Moderator  Band  in  Left  Auricle,  xxx. 
582;  in  Left  Ventricle  (Turner), 
XXVII.  p.  xix ;  xxx.  568-569. 

Mole,  Brain  of,  xxv.  110  ;  xxvii.  77  et 
seq, ;  Hair-Nerves  of,  xxvii.  228  ; 
Intra-narial  Epiglottis  in,  xxiii. 
589  ;  Organ  of  Jacobson  in,  xxvi. 
374 ;  Osseous  Tunnel  for  Biceps, 
Tendon  in,  xxiii.  p.  xxi ;  Prostate 
in,  xxiv.  27  et  seq.  ;  Rutting  in, 
xxv.  547. 

Molecules  of  Proteid,  Relation  of,  to 
one  another,  xxviL  208  ;  Size  of, 
xxvii  211. 

Moles  or  Mother's  Marks,  xxvi. 
564. 

Mollities  ossium.  Causation  of  Curves 
in  (Lane),  xxii.  15-27. 

Molothrus,  xjoL  809  et  seq. ;  ater,  xxii. 
318  et  seq, 

MollvLSca,  Hermaphrodite,  Absence  of 
Male  Reproductive  Organs  in 
(Collingo),  xxvii.  237-288;  Liver 
of,  xxv.  170. 


Molva  mUga/ris,  Swim-Bladder  of, 
xxx.  550. 

MonaeaTithfis  pardcUis,  xxix.  139, 
409. 

Monaster,  xxiv.  276. 

Monera,  xxiv.  271. 

MonitoTf  Arterial  Roots  in,  xxix,  p. 
xvii ;  Nerve  Supply  in,  xxv.  37 ; 
xxvi.  44  ;  Organ  of  Jacobson  in,  xxx. 
75  et  seq. 

Monkey,  Brain  of,  xxx.  16  ;  Changes 
in  Brain  of,  xxix.  106  ;  Duplicity  of 
Foot  in,  xxviii.  30 ;  Microscopical 
Examination  of  Clarke's  Column  in 
(Mott),  xxii.  479-495  ;  Undescended 
Testicle  in  (Sibley),  xxii.  p.  xxiv ; 
Sacral  Plexus  of,  xxiiL  292 ;  Maca- 
que, Musculature  of,  xxiii.  207  et 
seq. 

Monkeys,  Catarrhine,  Ligaments  of, 
xxviii.  149-168 ;  Experiments  on 
Brain  of,  xxvi.  568 ;  Foot  of,  xxiii. 
245 ;  Growth  of  Brain  in  (Keith), 
XXIX.  282-303,  p.  X ;  Hair-Nerves 
of,  xxvii.  229  et  seq.;  Sternum  in, 
xxiv.  537  ;  Supernumerary  Nipples 
in,  xxv.  242;  Tailed,  Brain  of, 
xxvii.  288 ;  Temperature  of,  xxv. 
379  ;  Trigeminal  Nerve  in,  xxix.  10. 

Manodelphia,  Heart  of,  xxiii.  253 ; 
Shoulder-girdle  in,  xxi.  191. 

Monodon  monocerosy  Brain  of,  xxv. 
110;  xxviii  269;  Stomach  of 
(Turner),  xxiii  484,  488;  (Wood- 
head  and  Gray),  xxiv.  188-194. 

Monopodia,  xxx.  170. 

Monorchids,  xxviii.  212. 

Monotremata,  xxvi.  371 ;  xxvii  375  ; 
XXIX.  p.  xxviii ;  Brain  of,  xxv.  116 
et  seq.;  Cerebral  Commissures  in 
(Symington),  xxvii.  69-84 ;  Cloaca 
of,  xxi  367;  Cotyloid  Bone  of, 
xxvii.  551 ;  Development  of,  xxi 
367 ;  Epi-coracoid  of,  xxvi.  403 ; 
Epistemal  Bones  of,  xxvii  282 ; 
Foot  of,  xxiii.  245  ;  Larynx  in,  xxiii 
267 ;  Mammae  of,  xxv.  226  et  seq.  ; 
Muscles  of,  xxiv.  75  ;  Shoulder-girdle 
in,  xxi.  192,  195,  196  ;  SkuU  of, 
xxi.  264  ;  Spur  on  Posterior  Limb  of, 
xxi.  367  ;  Terminal  Nerves  in,  xxvii. 
280  ;  Testes  of,  xxviii.  209. 
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Monro,  Dr  T.    K.,   Clinical  Yalae  of 
Four-Boot  Theory  of  Cranial  Nerres, 
zxx.  36-44  ;  Optic  Nerve  as  Part  of 
Central  Nervous  System,  xzx.  45-48. 
Monster  Chick,  Category  of,  xxv.  820  ; 
Symelian,  Dissection  of  (Benington), 
XXV.  202-209. 
Monsters  by  Excess  and  Defect,  xxx. 
455 ;    Human    Foetal    (Lawrence), 
xxYii.  p.  xiv  ;  Symelian,  Description 
of  (Manners-Smith),  xxx.  169-184. 
Monstrosities  in  a  Dorking  Fowl  (Pat- 
etBon),  xxi.   180-184 ;  in  the  Hel- 
singfors   University  Museum,  Cata- 
logue of,  xxviiL  873. 
Monstrosity,       Double,      Origin      of 
(Windle),    xxiiL    390-399;    Condi- 
tions  related    to   (Windle),   xxviii. 
26-45. 
Morbid  Anatomy  of  Bones  in  Chronic 
Glanders  in  Human  Subject  (Sharp), 
xxix.  492-493  ;  Growths,  xxi.  254. 
Morgagni,  Columns  of,  xxiii.  113. 
Morphia,  Absorption  of,  from  Bladder, 

xxi.  309. 
Morphological  Chi  iges  that  Occur  in 
Human    Blood  during   Coagulation 
(Haycraft  and  Carlier),   xxuL   682- 
592 ;    Peculiarities  in  Panjabi  and 
their  Bearing  on  Transmission  of  Ac- 
quired Characters  (Charles),  xxviii. 
271-280. 
Morphologic  des  Stirulappens  und  der 
Insel  der  Authropomorphen  (March- 
and)  (Notice),  xxvii.  664. 
Morphology   of   Bones  of  Hand  and 
Foot,  xxiii.    245  ;  of  the  Cranium 
(Sutton),  XXII.  28-37,  p.  iii ;  of  the 
Deep  Extensors    of  the   Fore-Arm 
(Sutton),    XXII.    p.  xix  ;    of   Limb 
Arteries  in  Vertebrates  with  Special 
Reference  to  Disposition  in  Human 
Subject    (Eichholz),    xxvil.     377- 
401,  p.  xxxiv  ;  of  Lower  Extremity 
of  Panjabi  (Charles),  xxviii,  1-18  ;  of 
Lumbar,  Sacral,  and  Caudal  Regions 
of      Panjabi     (Charles)     (Notice), 
xxix.   141-143  ;  of  the  Mammalian 
Coracoid  (Howes),  xxi.  190-198  ;  of 
the  Muscles  on  the  Extensor  Aspect 
of  the  Middle  and  Distal  Segments 
of  the  Limbs  (Brooks),  xxit.  p.  xy  ; 


of    Mnscalns    Stamalls    (Pi 
xxvii.  505-507  ;  of  Oblique 
ulnar    Ligament    (Fawcett), 
494-497;    of     Prostate    (HooIliiiX 
xxix.  201-204  ;  of  the  Sacral  Plexes 
in  Man  (Paterson),  xxL  407-412  ;  of 
Spines  of  Hedgehog,  xxviL   178  ;  of 
Tendo-Achillis     (Parsons),     xxTin. 
414-418,  p.   XX ;  of  true  '*  Idmbie 
Lobe,"    Corpus   Callosnm,    Septum 
Pellucidum  and  Fornix  (Smith),  xxx. 
157-167,  185,  450  ;    of   the  Vagus 
Nerve  (Shore),  zxii  372-390. 
Mo9ehu9  moschi/erus,   Bicipital  Fora- 
men of,  xxiv.  248. 
Mosquito  and  Filaria,  xxi.  252. 
MotadUa,  xxiL  317. 
Motion  of  Blood  in  Human  Arteries 

(Hoorweg),  xxiv.  434-471,  592. 
Motor  Aphasia  and    Dea&ess,    Brain 
Irom  a  Case  of  (Windle),  xxi.  79-33  ; 
Nerve  Cells,  Histological  Changes  in 
(Mann),  xxix.    100-108;    Roots    of 
Trigeminal  Nerve,  xxix.  11;  Desime- 
tion  of,  xxix.  12. 
Mott,  Dr  F.,  Microscopical  Examina- 
tion of  Clarke's  Column  in  Man,  the 
Monkey,  and  the  Dog,  xxii.  479- 
405,  p.  viL 
MouUin,   Dr  C.   M.,   Morphology    of 

Prostate,  xxix.  201-204. 
Mounting  Sections,  xxv.  280. 
Mouse,   Brain  of,   xxvii.   80 ;  Feet  of 
Embryo  of,   xxiii.   511-518  ;   Hair- 
Nerves  of,  xxvii  228  ;  Ovary  of,  xxi. 
176,  178  ;  Yolk  Sac  in,  xxvi  308. 
Mouth  of  Grey  Seal,  xxx.  415  ;  Slit  of 

Foetal  Dugong,  xxviii  316. 
Movable  Kidney,  xxviii.  202. 
Movements  of  the  Ankle- Joint  (Lane), 
xxii.  408-422  ;  of  Metacarpo-phalan- 
geal  Joint  of  Thumb  (Parsons^  ^^^^ 
446-452. 
Muir,  Dr  R.,  Physiology  and  Patho- 
logy of  Blood,   xxv.   256-277»  352> 
373,  475-504  ;  Method  of  Examin- 
ing Blood,  Bone,  Marrow,  etc,  xxvi 
893-394  ;  Structure  of  Bone-Marrow 
in  Relation    to    Blood  -  Formation^ 
xxviii  125-141. 
Muller's  Ducts,  xxu.  460  e^  seq. ;  zziii 
380  ;  (Lockwood)  zzvi.  pp.  i^ii. 
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Malttple  Transverse  Ligament  of  Knee- 
Joint,  zziz.  397. 

Maltiplicity  of  Parts  in  Limbs,  zzyiii. 
29. 

Mummy,  Sknll  of,  zzv.  428  ei  seq. 

Mantjac,  Beeves',  Intra-narial  Epiglot- 
tis in,  xxiii.  689. 

MuridcB,  Anatomy  of,  xzx.  624. 

Murrelete,  xxiii.  4,  406,  400,  641. 

Murres,  xxiii  3, 6,  642 ;  xxv.  76 ;  Skull 
of,  xxiv.  96 ;  xxv.  618. 

Mu8  deeumanus,  Ovaiy  of,  xxi  176  ; 
Yolk  Sao  in,  xxvi.  808 ;  museuluSf 
Ovary,  of,  xxi.  176 ;  Taste  Organs 
of,  xxv.  606 ;  Yolk  Sao  in,  xxvL 
308;  raUus,  Gluteus  quartus  in, 
xxii.  652. 

Huscarin  Nitrate,  Action  of,  on  Non- 
striped  Muscle,  xxiv.  207»  208. 

Muscle,  Abnormal  Extensor,  xxiy.  p. 
xix  ;  Abnormal,  of  Hand  ( Arbuthnot 
Lane),  xxi.  674;  Additional,  in 
Hand,  xxix.  94 ;  Anomalous,  Con- 
nected with  Diaphragm,  xxx.  168  ; 
Carves,  xxix.  877  ;  Discs,  Prepara- 
tion of,  xxiy.  606  ;  Extensibility  of 
(Brodie),  xxix.  366-388;  Nerve 
Demonstrations,  Spear  Flag  Indi- 
cator for  (Stuart),  xxv.  299  ;  Action 
of  Nitrites  on,  xxii.  361  ;  Action  of 
Nitroglyoerlne  on,  xxii.  368  ;  Action 
of  Stimuli  on  (Cooke),  xxiv.  196- 
209 ;  Poison,  Variety  of  Curara, 
Acting  as  (Tillie),  xxviu.  96*106; 
Preparation  of  Sarcolemma  of,  zxiv. 
606 ;  and  Nerve  Anomalies,  Rare 
(Smith),  xxix.  84-98. 

Muscles  Attached  to  Femur  of  Whale, 
xxvii.  316  ;  Axillary,  Innervation  of, 
in  Man  (Wilson),  xxiv.  62-60; 
Involuntary,  Contraction  of,  xxviii. 
463  ;  Mesoblastic  Origin  of,  xxv.  32  ; 
Short  of  PoUex  and  Hallux  in 
Anthropoid  Apes  with  Special  Refer- 
ence to  Opponens  Hallucis  (Brooks) 
(Title  only),  xxL  682;  Short  of 
Thumb,  xxT.  p.  iiL 

Muscles  of  Anterior  Aspect  of  Thigh 
of  Anthropoid  Apes,  xxvi.  328  ;  in 
Case  of  Congonitally  Absent  Tibia, 
xxiii  604 ;  of  Chimpanzee,  xxvii. 
116  ;  of  Eyeball,  Model  for  Demon- 


strating Action  of  (Birch),  xxii  107* 
108  ;  of  Anthropoid  Apes,  xxvi.  161, 
160, 168,  380,  840 ;  of  Hand  of  Apes, 
xxvii  114. 

Muscles  of  Lower  Limb^  Dorsal  and 
Ventral,  xxviii  170. 

Muscles  of  Lower  Limb  of  Macci€U9 
rhesus  and  Man,  Innervation  of. 
Compared,  xxviii.  183. 

Muscles  of  PoUex  and  Hallux  of 
Anthropoid  Apes  (Brooks),  xxii  78* 
96. 

Muscles  of  Rudimentary  Ears  (Pendants 
of  Neck)  in  Pigs  (Stuart),  xxr.  301- 
303. 

Muscles  of  Soft  Palate,  Innervation  of 
(Turner),  xxiii.  623-631. 

Muscles  of  Upper  Limb,  Abnormalities 
of  (Rolleston),  xxi.  328-330. 

Muscles  and  Nerves  of  Superior  and 
Inferior  Extremities  of  Anthropoid 
Apes  (Hepburn),  xxvi.  324-366. 

Muscles  and  Other  Soft  Partaof  Whales, 
xxvii  299. 

Muscular,  Abnormalities  (Dwight),  xxii. 
96-102;  Anomalies  and  Origin  and 
Functions  of  Ligamentum  posticum 
Winslowii  (Smith),  xxYii.  pp.  xxiv- 
XXX  ;  Axillary  Arch,  xxiii  206  ;  Con- 
tractions, Abnormal,  and  their  Effects 
(Humphry),  xxviii.  463-464 ;  Hom- 
ologies and  Anomalies,  Value  of 
Nerve-supply  in  Determining  (Cun- 
ningham), xxv.  31-40 ;  Irritability, 
Preternatural,  xxviii.  463 ;  Mass, 
Anterior  of  MegapUra,  xxii.  276  ; 
Anterior,  of  Whale,  xxvii.  314 ; 
Posterior  or  Caudal,  of  Megaptera, 
xxii  276;  of  Whale,  xxvii  313; 
Masses,  Longitudinal,  of  Whale, 
xxvii.  311 ;  Mechanism  of  Walking 
(Smith),  xxv.  666-670 ;  Movements, 
Aualysis  of  (Jack),  xxix.  473-478 ; 
System  in  Symelxan  Monsters,  xxx. 
172,  608  ;  Variations  (Windle),  xxi 
336  ;  and  Vascular  Anomalies,  xxv. 

•  •  • 

p.  m. 
Muscularis   Mucosce    of   Intestine   of 

Hedgehog,  xxvii  104. 
Musculature  of  Adult  Larynx,  xxvi. 

282 ;    of  Golden   Mole,    xxix.    p. 

xiii ;  of  Stomach  of  Frog,  xxiy.  196* 

G 


82 


nn>sx  TO  VOLS,  xxl-xxx. 


Moflculi   Papill«rea»   Hypertrophy  of,   I 
zxiiL  67. 

Hnaculns  abdomino-humeralis,  zzrii. 
852  ;  aocessorius  ad  pollicem,  zxvii. 
851 ;  agitator «aad8e,  zlii.  130,  zxiii. 
96 ;  oocaoo-davicalo-stenial,  xzi. 
678;  levator  humeri,  xxiii.  190; 
prestemo  •  hnmeralis,  zziii.  88  ; 
pterygo-epinoens,  zzir.  667 ;  Saph- 
eous,  zzviii.  288  ;  Stemalis,  zxii. 
99  ;  xxir,  p.  riv ;  xxvi.  441 ;  xxix. 
467  ;  XXX.  674  ;  (Canningham),  xxii. 
891-407  ;  as  a  Portion  of  the  Pector- 
alia  Major,  rxr.  -89  ;  Morphology  of 
(Parsons),  xxvii.  605-507;  Nerve- 
snpply  of  (Lament),  xxi.  614,  615  ; 
(Wallace),  xxi.  168,  164 ;  Possible, 
in  Bathyergiu  marUwitis  {Fanons), 
XXIX.  pp.  xi-xiv ;  in  Anencephalons 
Foetuses,  xxvii.  MS  et  seq,,  9B2;  of 
Dctsyurus,  xxi.  108;  and  itslferve- 
supply,  xxiii.  863-807. 

Museum  Specimens,  Preparation  of 
(Struthers),  xxi  I.  p.  x. 

Musgrove,  J.  Persistence  of  Noto- 
chord  in  Human  Subject,  xxv.  886- 
889  ;  Bifurcation  of  Femoral  Artery, 
xxvi.  239-244,  666,  656 ;  Blood- 
vessels of  Betina  with  a  Method  of 
Preparation  for  Lantern  Demonstra- 

•  tion,  xxvi.  246-268 ;  Costo-stemal 
Articulations,  xxvii.  1-4,  p.  ix ; 
Origin  of  Ophthalmic  Artery  from 
Middle  Meningeal,  xxvii.  279-281 ; 
Blood-vessels  and  Lymphatics  of 
Retina,  XXTII.  p.  ix. 

Musk  Ox,  Bicipital  Foramen  of,  xxiv, 
248 ;  Transverse  Humeral  Ligament 
in,  XXIII.  p.  XXL 

Musk-rat,  Gustatory  Organs  of,  xxiii. 
206  ;  xxiv.  86. 

Musophagidct,  xxix.  23. 

Mussel,  Fresh-water,  Tumour  in  (Wil- 

•  liams),  xxiv.  307,  308. 

MusUla,  Brain  of,  xxv.  131  ;  xxx.  8  et 
seq.  ;  Muscles  of,  xxiii.  199 ;  furo, 
Brain  of,  xxii.  661 ;  xxv.  127 ; 
Great  Omentum  of,  xxx.  865; 
mephUica,  xxiii.  205 ;  vulgaris, 
Brain  of,  xxii.  661. 

Muzzle  of  Dugong,  xxviii.  821,  824 ; 

•  'of  Foetal  Manatee,  xxviii.  380. 


Ifya  areMariOf  Liver  of,  xxv.  171  4 

sea, 
MyeeUs,  Bnin  of,  xxx.  818 ;  Origin 

of  Carotid  and  Subclavian  in,  xxix. 

463 ;  gmicultu,  Brain  of,  xxix.  296 ; 

Upper  Limb  Arteries  of,  xxvii  889. 
Myeteria,  xxix.  22. 
MyeUU9  Jndmis,  xxix.  520. 
Myelocele,  xxviiL  872. 
Myology    of    Anencephalona    Foetus 

(Windle),  xxvu,  848-863  ;   of  Sn- 

thizon  qnxanthfu   (Windle),    xxii 

126-182 ;  of  Eytsna  striata,  xxiii. 

187-200  ;   of  Inferior   Extremity  of 

Anthropoid   Apes,    xxvi.    8S4;    of 

Larynx  (Eanthack),  xxvi.  279-294 ; 

of  the  Limbs  of  Dasywrus  viverrwus 

(MacCormick),   xxi.   lOS-187,   199- 

226;    of   Limbs   of  Proeyon  can- 

crivortis  and  wrsicUB  (Windle),  xxiii. 

81-89 ;   of  Monstrous   Foetus,  xxx. 

245 ;  of  Rodents   (Parsons),  xxvi. 

pp.  x-xiii;  of  Superior  Extremity 

of  Anthropoids,  xxvi.  151. 
Myomata,  xxiv.  244 ;  Diffused,  xxri. 

665. 
Myomeres,  Muscles   Developed  trow, 

xxiu.  488. 
Myopotamus,  Anatomy  of,  xxx.  624 ; 

eorypus,  Mamme  of,  xxv.  281. 
MyrTneeoHtu    fasciatus,    Intra-narial 

Epiglottis  in,  xxiii.  690. 
Myrmecophagaf  Muscles  of,  xxiv.  76 ; 

jubata,  xxv.  120  (note) ;  Larynx  ot, 

xxiii.  258  et  89q, 
MysUeetus,  Carpus  of,  xxix.  146, 165 

et   $eq,  ;   Osteology   of,    xxiii.  871 

(note) ;  xxx.  149  eteeq. ;  Sternum  of, 

xxix.  594  et  seq, 
Myxine,  Vagus  in,  xxii.  383. 

Nabqblb  Pelvis  (Griffith  and  Hum- 
phry), xxi.  168-166. 

Nsevi,  xxvL  664. 

NaDs  of  Elephant,  xxiv.  600;  of 
Fodtal  Manatee,  xxviii.  829. 

Nanotragu8f  Anatomy  of,  xxx.  628. 

l!9'ansen,  F.  Development  and  Stnie- 
ture  of  Whale.  Part  I :  Develop- 
ment of  Dolphin,  xxix.  471. 

Narcotic  Substanees,  Effect  of,  on 
Development  of  Eggs,  xxix.  464. 
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Nares  of  Megaiptera^  zxiii.  828  ;  and 
Epiglottia  (Symington),  xziii,    p. 
xxii. 
Karial  Openings  of  FraUreuUii  xxiv. 

91. 

Narwlial,  Brain  of,  xxv.  110 ;  Oarpns 

of,  zxix.  145  ;  Food  of,  zxyL  262 ; 

Manns  of,  zxx.  158 ;  Stomach  of, 

zxiu.   4&4,   489;    (Wuodhead    and 

Gray),  zxir.  188-194. 

Nasal  Cavity  and  Jaoobaon'a  Organ  in 

Crocodilu9  porostu,  xxvii.   152  ;  of 

Megaptera,  xziii.   825 ;   Cartilages, 

Unnamed  Sapemnmerary  (Downie)« 

zzvii.  181,  182 ;    Index   Compared 

npon  Head  and  Skull,  with  Notes 

upon    Nasal   Bones    and   Anterior 

Nasal   Aperture  (Charles)  (Notice), 

xxix.  141,  142. 

ATwua,  Muscles  of,    xxiii.   82 ;  xxiv. 

80  ;  ru/a.  Brain  of,  xxii.  560. 
Nataiores,  xxvi.  199. 
Natural   Digestion,  xxvii.   222 ;    Ke- 

tention  of  Urine,  xxix.  266. 
Nsture  of  Ligaments  (Sutton),  xxii. 

542-558 ;  xxuL  256-262. 
Navajo  Child,  Skull  of  (Shufeldt),  xxi. 

66-71. 
Neanderthal  Skull,  xxix.  424  ei  seq. 
NebrU  mierops,  Air-bladder  in,  xxix 

226. 
Necrosis  as  Cause  of  Loose  Bodie    in 
Joints,  xxiii.  500  ;  Quiet,  xxiv.  866. 
Necrotic  Bodies  in  Joints,  xxiv.  361. 
Needle   in    Spinal   Cord,  Transfixing 
Boots  of  Spinal  Nerves  (Hepburn), 
XXII.  p.  viii. 
Negro,    Anomalies    of    Skeleton    of 
(Paterson),  xxvii.  p.  xxii ;  Acces- 
sory Obturator  Nerve  in,  xxviii  95 
(note) ;  Brain  of,  xxv,  287  ;  Fcetus, 
Skin  and  Scalp  of  (Thomson),  xxv. 
282-285,    p.  iii;    Lumbar  Sagitto- 
vertical  Index  of,  xxiv.  125. 
Neilson,  H.  J.    Pupil  as  a  Guide  in 
Chloroform    Administration,    xxii. 
154-171. 
Nemctehiltu  strauehiif  xxix.  418  (note), 

520,  525. 
NemerUa,  Nervous  System  in,  xxiii. 

428  ;  Vagus  in,  xxii.  886. 
Nencki,  M.     Chemical  Processes   in 


Small  Intestine  of  M^n,  xxv.  890- 
427. 
Neolithic  Skeletons,  xxviii  6,  272. 
Neoplasms,    xxL    255 ;     Congenital, 
xxvi.   431 ;    Development  of,  from 
Supernumerary  MammsB  (Williams), 
xxv.  225-255. 
Neostoma,  Anatomy  of,  xxx.  524. 
Nephritis,  Catarrhal,  how  Oily  Debris 

is  Removed  in,  xxv.  198-201. 
Nerve-cells,     Microscopical     Prepara- 
tions   of,    xxiv.    164;    Transverse 
Markings   on,    xxiv.    608;    Fibres 
and   other  Structures  Constituting 
Clarke's  Column,  xxii.  485  ;  End- 
ings  on   Hairs,  Forked   (Hoggan), 
xxvii.  224-281 ;   Forming  Superior 
Limit  of  Lumbar  Plexus,  xxix.  85, 
AS  et  8eq,  \  Piercing  Walls  of  Artery 
(Ogle),    xxix.     20;     Plexuses     in 
Symelian     Monsters,     xxx      178 ; 
Separating    Lumbar    from    Sacral 
Plexus,  xxix.  85,  48  etseq.  ;  Stratch- 
ing,  xxiv.  474  ;  Supply,  Sensory,  of 
Hind    Limb   of    Macacus    rhmms 
(Sherrington),  xxvi.   p.  xv;  Value 
of,  in  Determining  Muscular  Homo- 
logies and  Anomalies  (Cunningham), 
xxv.   81-40;    of  the  Anterior  Ex- 
tremity in  ffycena,  xxiii.  198  ;  of 
First   Lumbrical   Muscle  of   Hand 
(Wilson),  xxiv.  22-26  ;  of  Hallncial 
Muscles  in  Anthropoids,  xxii.  89  ;  of 
the   Lower   Extremity  in   Hyaena, 
xxiii.   199  ;    of  Lumbricals  and  of 
Perforating   Flexors   (Brooks),  xxi. 
675-585 ;    of  Psoas    Parvus,  xxvii. 
183,  189  ;  of  Pyramidalis,  xxvi.  52  ; 
of  Thumb  Muscles  in  Anthropoids, 
xxii.   85  et  seq, ;   Terminations   in 
Capillaries,  xxii.   188 ;   in  Thyr<iid 
Gland  (Fraser),   xxiv.  p.   ii ;   and 
Moscle    Anomalies,    rare    (Smith), 
xxix.  84-98. 
Nerves,  Arrangement  of  Lumbar  and 
Sacral  (Birmingham),  xxiv.   p.   i ; 
Cranial,  Segmental  Value  of  (Shore), 
xxiii.     428-451  ;     Cutaneous,      in 
Special  Reference  to  Herpes  Zoster 
(Griffiths   and   Oliver),  xxiv.    pp. 
iii-xi ;      Degeneration      of,      alter 
Injury,  xxiv.   472  ;  Distributiou  of 
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Gataneons,  on  Dorsum  of  Foot,  xxvi. 
76|  89  ;  Epiblastic  Origin  of,  xxv, 
82 ;  Injaries  and  Diseases  of,  xziv. 
472-474  ;  Motor,  Action  of  Nitrites 
on,  xxii.  851 ;  Muscular  and  Cut- 
aneous, derived  from  Lumbo-sacral 
Plexus,  Origins  of,  xx^iii.  88  ; 
Primary  Regeneration  of,  xxiv.  472 ; 
Reflex  Effects  of  Injury  to,  xxiv. 
473  ;  Spinal,  Relation  of,  to  Spinous 
Processes  (Reid),  xxiii.  p.  ix  ; 
Suture  of,  xxiv.  478 ;  with  Peculiar 
and  Inconstant  Influence,  xxi.  15 ; 
of  Bladder  and  Urethra,  Stimulation 
of,  xxix.  66  ;  of  Human  Arm,  Her- 
ringham's  Laws  of  Disposition  of, 
xxiii.  287  ;  of  Lower  Limb,  Classified 
in  Relation  to  Borders  and  Surfaces, 
xxTiii.  170  ;  Origin  and  Distribution 

.  of  (Paterson),  xxviii.  84-95, 169-198  ; 
of  Lumbo-sacral  Plexus,  Distribution 
of,  xxviii.  169 ;  of  Skin,  Distribution 
of,  xxviii.  171  ;  of  Superior  Ex- 
tremity of  Anthropoids,  xxvi.  177  ; 
of  Urinary  Bladder  and  Urethra 
(Griffiths),  xxix.  61-88  ;  and  Muscles 
of  Superior  and  Inferior  Extremities 
of  Anthropoid  Apes,  Comparative 
Anatomy  uf  (Hepburn),  xxvi.  824- 
356. 

Nerves,  Nervi— Abducens,  xxiii.  438, 
487,  p.  V  ;  Accessory  Anterior  Crural, 
xxvi.  45  ;  Obturator,  xxiii.  855 ; 
XXV.  84  ;  xxvi.  48  ;  xxviii.  94  ;  An- 
terior Crural,  xxvi.  48  ;  xxviii.  88, 
184  ;  of  Anthropoid  Apes,  xxvi.  849, 
350  ;  in  OmUTiorhynchtiSf  xxv.  86  ; 
Interosseous  and  Ulnar,  Frequency 
and  Arrangement  of  Communication 
between,  in  Forearm,  xxvii.  188, 
192  ;  Thoracic  of  Anthropoids,  xxvi. 
178  ;  Tibial,  xxvi.  89,  858  ;  Azygos 
of  AstaeuSf   xxii  889 ;   Bigeminus, 

[  xxiii.  291 ;  xxv.  528  ;  xxvii.  p.  xxiv ; 
Brachial  Plexus  of  Anthropoids, 
xxvi  177  ;  Branchial,  in  Selachians, 
xxii  884  ;  Buccal,  Ijong,  arising  from 
Superior  Maxillary  instead  of  In- 
ferior (5th),  xxv.  85  ;  Cranial,  Nuclei 
of,  in  Bulbar  Paralysis,  xxix.  1 ;  De- 
seen  dens  Hypoglossi  giving  a  Boot 
of  Origin  to  Phrenic  (Turner )i  xxvii 


427 ;  Dorsal,  xxv.  531 ;   1st,  xxix. 
85  ;  XXX.  64  ;  2nd,  Anomalous,  xxix. 
86 ;  12th,  xxvi.  76,  81  ;  xxviii  SS ; 
Varieties  of,  xxvi.  48-56  ;  and  First 
Lumbar    supplying    Psoas    Parvus, 
xxvii.    189 ;    Scapular   Nerve,    Ab- 
normal   Distribution     of    (Dixon), 
XXX.  209 ;  Erigens,   xxix.  62  ;  Ex- 
ternal Anterior  Thoracic,  xxiii.  218  ; 
xxiv.    58    ei   seq.  ;    Cntaneons    of 
Anthropoid    Apes,    xxvi.    349  ;    of 
Thigh,   Origin  of,   xxvui   88,    94: 
Plantar,  Origin  of,   xxviii.   88  ;   of 
Anthropoid  Apes,  xxvi  855  ;   Pop- 
liteal, xxviii.  184  ;  Origin  of,  xxviii. 
88  ;  of  Anthropoid  Apes,  xxvi.  353  ; 
Facial,  xxii.  35 ;  xxiii.  431,  p.  v  ; 
XXX.  88  ;  of  Siluroids,  xxix.  352  ;  of 
Oadus  morrhua^  xxix.   354  ;     and 
Olosso-pharyngeal,     Communication 
between,    xxix.    pp.    xxviii-xxxi ; 
Furcalis,  xxvii.  p.  xxiv ;  xxviii  87 
et  seq.,  ISO  et  seq. ;  xxix.  85,  43  et 
seq,  ;  Glosso-pharyngeal,  xxiii  431, 
433,    438,    528,    p.    v ;    xxx.    38  ; 
Gluteal,    xxvi.    851 ;     xxviii    88 ; 
Great  Sciatic,  xxiii.  292  ;  Abnormal, 
xxx.  258  ;  Lower  Limit  of,  xxix.  35, 
45  ;  of  Anthropoid  Apes,  xx>i.  352  ; 
Hypoglossal,  xxiii.  433, 438,  p.  v;  xxx. 
42  et  seq,  ;  Nucleus  of,  xxix.  2  ;  Pierc- 
ing Vertebral  Artery,  xxix.  20  ;  Ilio- 
hypogastric,  xxvi   49  ;  xxviii  88  ; 
Ilio-inguinal,  xxvi  51;  xxviii.  88  ;  of 
Anthropoid  Apes,  xxvi  349  ;  Inferior 
Maxillary,  Relation  of  Dura  Mater 
surrounding,  to  Temporo-maxUlary 
Articulation  (Fawcett),   xxvii    179, 
180  ;    Relation  of  Branches  of,    to 
Pterygo-spinons    Ligament,     xxvii 
68,  68  ;  Intercostal,   1st,   xxx.    63  ; 
8rd,  xxiii.  212 ;  Intercostala,   xxiii. 
803  ;  xxvii  506  ;  Intercosto-humeral, 
xxiii.  212 ;  xxiv.  58  ;  xxv.  84  ;  xxix. 
84  ;     Internal     Anterior    Thoracic, 
xxiii  207  ;    xxiv.  53  ;    xxvii  507  ; 
supplying    Achselbogien,    xxv.    34  ; 
Cutaneous,   xxix.   85 ;  Lesser,  xxx. 
63  ;   Plantar,  xxiv.  24  ;    Abnormal, 
xxx.  579  ;   Origin  of,  xxviii.  88  ;  of 
Anthropoid  Apes,  xxvi.  356  ;  Poplit- 
eal, xxviii  184  ;  xxix.  85,  48  ;  Origin 
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of,  zzviii.  88  ;  of  Antliropoid  Apes, 
zxvi  354  ;  Pudic,  xziz.  62,  65,  79 ; 
Jacobson's  in  Embryo,  xxviii.  p. 
xvii ;  Lateral  Cutaneous,  zxz.  68  ; 
Branch  of  1st  Dorsal,  xxix.  85 ;  of 
Thorax,  xxiv.  55  ;  of  Thorax,  Nature 
of  (Birmiagham),  xxiii.  206-223  ;  of 
Cat,  Opossum,  Kangaroo-rat,  and 
Wallaby,  xxii.  297 ;  Lumbar,  xxv. 
580 ;  1st,  Distribution  of,  xxvi. 
48,  76,  81 ;  1st  and  2nd,  Supply- 
ing Psoas  Parvus,  xxvii.  189  ; 
6  th  of  Macdcus  rhesva,  xxix.  p. 
xix ;  Plexus  of  Anthropoid  Apes, 
xxx-i.  848 ;  Lumbo-sacrad  Cord  of 
Anthropoid  Apes,  xxvi.  349  ;  Lum- 
brical,  xxir.  23  ;  Median,  Anoma- 
lous, xxix.  94 ;  Peculiarity  in 
(Williams),  xxi.  333 ;  Supplying 
BrachialLs  Anticus,  xxix.  94  ;  Sup- 
plying Coraco-brachialis,  xxi.  513  ; 
of  Anthropoids,  xxvi.  182 ;  and 
Ulnar,  Frequency  and  Arrangement 
of  Communication  between,  in  Fore- 
arm, xxvii.  183,  192 ;  Musculo- 
cutaneous, xxvi.  43,  89 ;  of 
Anthropoids,  xxvi.  181,  354 ;  Mus- 
culo-spiral,  xxiii.  208 ;  xxvi.  43 ; 
Abnormal,  xzx.  252 ;  of  Anthro- 
poids, xxvi  179 ;  Obturator,  xxvi 
43  et  aeq.  ;  xxviii.  184  ;  xxix.  85 ; 
becoming  Cutaneous,  xxi  513 ; 
Origin  of,  xxviii  88  et  seq, ;  to 
Pectinens,  xzx.  577  ;  of  Anthropoid 
Apes,  xxvi  349,  350  ;  of  Crocodile, 
xxv.  37 ;  Accessory,  xxiii.  355 ; 
xxv.  34  ;  xxvi.  43  ;  xxviii.  94,  95  ; 
Plexus,  xxvi  47 ;  Oculomotor,  xxiii. 
433,  p.  V  ;  Olfactory,  xxiii.  431  ; 
xxviii  393  ;  Ophthalmic,  xxiii. 
433;  Optic  as  Part  of  Central 
Nervous  System  (Monro),  xxz.  45- 
48  ;  Origin  of  Fibres  of,  and  their 
Course  through  Optic  Stalk,  zzz, 
329 ;  Relation  of,  to  Optic  Stalk, 
zzz.  326 ;  Belatiouship  of  Oph 
thalmic  Artery  to,  zxx.  49 
Pelvic  Splanchnic,  xxix.  62,  68 
Stimulation  of,  xxix.  68,  72 
Peroneal,  Origin  of,  xxviii.  88  et  aeq. 
Phrenic,  xzx.  44  ;  Left,  with  Abnor- 
mal Course  Helative  to  Subolavian 


Vein,  xxviii  464  ;  Receiving  a  Root 
of  Origin  fromDescendens  Hypoglossi 
(Turner),  xxvii  427 ;  of  Anthro- 
poids, xxvi.  177 ;  Accessory,  xxiiL 
340 ;  xxv.  34 ;  Plantar,  xxv.  35 ; 
Popliteal,  xxiii.  292 ;  xxvi  43 ; 
Posterior  Interosseous  to  Metacarpo- 
phalangeal Articulations,  xxx.  577  ; 
of  Anthropoids,  xxvi.  150,  181  ; 
Thoracic  of  Anthropoids,  xxvi.  177  ; 
Tibial,  Origin  of,  xxviii  88  ei  seq.  ; 
of  Anthropoid  Apes,  xxvi  354 ; 
Pudic,  xxiii  291 ;  xxviii.  88,  94, 
184  ;  of  Dog,  xxix.  62,  65,  79 ; 
Radial,  Absence  of,  xxi  511 ;  Recur- 
rent Tibial,  xxviii.  184  ;  Sacral, 
xxv.  530 ;  Plexus,  Morphology  of 
(Paterson),  xxi.  407;  of  Anthropoid 
Apes,  xxvi  351 ;  Sympathetic  Cord, 
Unusual  Termination  of,  xxix.  329  ; 
Small  or  Posterior  Palatine,  Distri- 
bution of,  xxiii.  52'! ;  Sciatic,  xxiii 
291  ;  xxviii.  88, 171  ;  of  Anthropoid 
Apes,  xxvi.  351 ;  Spinal,  Typical, 
xxiii.  439 ;  in  Petromyzon,  xxii. 
380;  and  Cranial,  xxiii.  p.  v  ;  Acces- 
sory, XXIII.  p.  V  ;  xxx.  88  ;  Position 
of,  and  Connection  with  Pain  in 
Movements  of  Head  (Keith),  xxx. 
p.  xiii ;  Splanchnic,  xxiii.  437,  438  ; 
Subcutaneous  Thoracic  of  Brachial 
Plexus,  xxiii  217 ;  Subscapular  of 
Anthropoids,  xxvi  178;  Laryngeal 
Nerve,  Abnormality  of,  xxx.  576  ; 
Suprascapular  of  Anthropoids,  xxvi. 
178  ;  Sympathetic  of  Fishes,  xxix. 
527  ;  Trigeminus,  xxii  35 ;  xxiii. 
431,  433,  437,  p.  v  ;  xxix.  9,  352  ; 
zxx.  38  ;  Trochlear,  xxiii.  433,  437, 
p.  V ;  Ulnar,  xxix.  85  ;  Absence  of 
Dorsal  Branch  of,  xxi.  512 ;  Deep 
Branch,  Course  and  Relations  of 
(Anderaon),  xxviii.  p.  x;  of  Anthro- 
poids, xxvi.  183,  184 ;  Vago-glosso- 
pharyngeal- Accessory,  Nuclei  of, 
zxix.  6;  Vagus,  xxiii.  528,  p.  v;  xzx. 
38 ;  Abnormal,  zzi  336 ;  Minute 
Anatomy  of  (Shore),  zziii.  428-451  ; 
Morphology  of  (Shore),  zzii  372- 
890 ;  in  Amniota,  zzii  377 ;  in 
Amjhioxas^  xxii.  384 ;  oC  Chelooians, 
Stimulation  of,  xxii  2 ;  in  Chick, 
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zzii.  878;  <^  fislies,  zxii.  878; 
zzix.  527  $  Stimalation  of,  zxii.  2, 
4 ;  of  Ttog,  Stimnlation  of,  zzii 
4 ;  of  Menofrtrcaiehtis,  Stimulation 
of,  zxii.  8  ;  in  Nanertea,  xzii.  886 
et  uq,  ;  in  Sana,  zzii.  876 ;  of 
Snake,  Ezperiments  on,  zziii. ;  and 
Recurrent  Laryngeal  of  Delphin- 
apteru8,  zzx.  135 ;  Accessory  to, 
zxiii.  527 ;  Vagus-brachial,  zziii 
445 ;  Vidian  in  Embryo,  xxviii. 
p.  zvii  ;  Visceral  of  Annelida,  zzii 
888  ;  in  Dog,  zzii  880  et  seq.;  Wris- 
berg's,  zziii  209  et  seq.;  zziy.  53 
et  seq,;  (Birmingham),  zzz.  68-69  ; 
Absence  of,  zziz.  84  ;  zzx.  579  ;  Sup- 
plying Achselbogen  Muscle,  zzv. 
84  ;  in  Dasyurus,  zziz.  92  ;  to  Pyri- 
formis.  Origin  of,  zzviii.  88  et  seq,; 
of  Anthropoid  Apes,  zzvi.  851 ;  to 
Quadratus  Femoris,  zziv.  25  ;  zzviii. 
88 ;  Abnormal  Distribution  of 
(Wilson),  zziii  254-257  ;  Anomaly 
of,  zziz.  91. 

Nervous  Plezuses  of  Limbs  of  Mammals 
(Paterson),  zzi.  611->684  ;  System, 
Action  of  Nitrites  on,  zzii.  851 ; 
Anatomy  of,  zzviii  881  ;  Central, 
Golgi's  Method  for,  zziv.  610; 
Becent  Works  on,  zzvii.  286-290  ; 
zzviii  881  ;  of  Anencephalous 
Foetus,  zzviii  871  ;  zzz.  251  ;  of 
CoeleTUerata,  zzii  889  ;  of  Double 
Chick,  zzv.  817,  818  ;  Variations 
(Windle),  zzi  886. 

Neue  Darstellung  vom  Histologis- 
chen  Ban  des  Centralnervensystems 
(Cajal)  (Notice),  zzviii.  380. 

Neural  Arch  and  Canal  of  Megaptera, 
xzii.  629. 

Neuralgia,  xxiii.  p.  vi  ;  Treatment  of, 
zziv.  474  ;  Epileptiform,  zziv.  474. 

Neurenterio  Canal  and  Spina  Bifida, 
Connection  between,  zzviii.  871. 

Neuritis,  zziv.  474 ;  Retro-bulbar, 
Pathol<^  of  (Turner),  zziv.  504- 
508. 

Neuro-chondroid,  Meaning  of  Word, 
zziv.  878. 

iNeuro-Eeratin  Network^  Method  for, 
JDciv.  607. 

^eiMiiiata,  xxiv.  474. 


Neurotic,  Oardiae,  zxiii  588-68€. 

Neutral  Salts,  Saturation  of  Milk  by, 
xxix.  190. 

Neutrophile,  xxt.  860. 

New-bom  Children,  Respiration  in 
(Sutton),  ZXIII.  p.  Tiii 

New  Guinea,  Skulls  from  (Cun- 
ningham), XXIX.  p.  xviii;  Stone 
Weapons  from  (Haddon),  xxix.  p. 
xviii. 

New  Hebrideans  (Lawrie)  (Notioe), 
zziz.  141,  142. 

Newt,  Blood -corpuscles  of,  zzir.  161 ; 
Scoliosis  in,  zziii  297 ;  Spermatosoa 
of,  zziv.  166  ;  Stimulation  of  Heart 
of,  zzii.  8 ;  Siz-toed,  zziii.  245. 

Newton's  Law  of  Colour  Mixture,  xxz. 
115. 

NieHpUhecus  vocLferans,  Upper  Limb 
Arteries  of,  xxvii.  384. 

Nipples,  Supernumerary,  xxviii  876  ; 
of  Grey  Seal,  xxz.  414. 

Nitrite  of  Amyl,  see  Amyl  Nitrite  ; 
of  Ethyl,  see  Ethyl  Nitrite;  of 
Potassium,  see  Potassium  Nitrite ; 
of  Sodium,  Pharmacology  of,  xzii. 
228. 

Nitrites,  Pharmacology  of  (Atkinson), 
zzii  225-289,  851-871. 

Nitro-glycerine,  Action  of,  zzii.  864, 
867  ;  Pharmacology  of  (Atkinson), 
zzU.  225-289,  851-371. 

Nodular  Embryos,  zvii  488;  zzviii. 
870. 

Nomenclature  of  Stomach  of  Ziphioid 
and  Delphinoid  Whales  (Woodhead 
and  Gray),  zziv.  188-194 ;  of 
Symelian  Monsters  ;  zzz.  169. 

Norman,  Dr.  Porencephaly,  xxYiii. 
p.  vi 

Normoblast,  2av.  864. 

Norwell,  J.  S.  IllustrationB  of  Zool- 
ogy, Invertebrates  and  Vertebrates 
(Notice),  zziv.  618. 

Nose,  Division  of,  zzvi.  484 ;  Duplioity 
of,  zzviii  29. 

Nostrils  of  Adult  Dugong,  xxviii  826  ; 
of  FoBtal  Dugong,  xxviii  819  et  seq. ; 
of  Grey  Seal,  xxz.  415 ;  of  Buor- 
bill,  xxiii.  84. 

Notes  from  the  Physlcdogical  Labora- 
tory of  the  Univttaty  of  Sdinbuigh 
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(Hayeraftt  Otrlier,    Soofield),  xziL 

138, 184. 
Notoohord,  f  ate  of  (Catlier),  zziT.  578- 

584;    Pendstenoe    of,    in  Human 

Sttlject  (Muagiave),  xit.  886*389. 
Noto-meliiB,  zzTiii.  88. 
NotoryetUf  Brain  of,  zzz.  168  et  teq, 

187;    typMopSf    Hippocampna    in, 

zzx.  166. 
Notoir«ma  rnarntpiatum^  OleaTage  of, 

xziii  515. 
Nttdei,    Aooessory,    Connected    with 

Hypoglossal    Nerve,    xxiz.    8 ;    of 

Cranial  Nerves  in  Bulbar  Paralysis, 

xzix.  1. 
Nnclein,  zxiv.  278. 
Nucleolus,  xxlv.  256. 
Nucleoplasm,  xxlv.  273. 
Nucleus,  XXLV.    256,    272;   Posterior 

V^go-glos8o-pharyngeal,  xxix.  7  ;  of 

Hypoglossal    Nerve,    xxix^    2 ;    of 

Calculi,  XXX.  800 ;  Ambignns,  xxix. 

6 ;  XXX.  88. 
Nudibranehiata,  xxv.  170. 
Nuevo  Concepto  de  la  Histologia  de 

los  Centres  Nervioeos  (Cijal)  (Notice), 

xxvii.  565,  566. 
Nummius,  xxix.  22 ;  arqtuUus,  vomer 

of,  xxiii.  89. 
Numerical  Abnormalities,  xxviiL  875. 
Nutcracker,  xxii.  810. 
Nutritive     Importance    of    Yolk-sac 

(Robinson),  xxvi.  80a-828. 
Nyeticebus,    Muscles    of,    xxiv.    78 ; 

tardigradua,  Ligaments  of,   xxviii. 

167  etaeq, 
NyetipUheau,    Brain    of,    xxx.    818 ; 

vociferana,  Glutens  Quartus  of,  xxii. 

552 ;  Muscles  of,  xxii  545. 

Obebsteinbb  H.  Anatomy  of  the 
Central  Nervons  Oigaas  in  Health 
and  IMsease.  Trans,  by  Dr  A.  Hill 
(Notice),  xxiv.  611. 

Oblique  Interosseous  Badio-ulnar  Liga- 
ment in  Punjabi  (LamontX  xxx. 
505,  506 ;  Badio-nlnar  Ligament, 
Morphology  of  (Ikwcett),  xxiz.  494- 
497. 

Obliquity  of  Arm  of  Female  in  Ix- 
tmsion.  BelatiOQ  irith  Cfppsir  Arm 
in  nexion  (P^ytter),  xxix.  488-491. 


Observations  ear  deux  Oiiang  Outans 
Adultes  Morts  k  Paris  (Milne 
Bdwaids,  etc.)  (Notice),  xxx.  814. 

Occipital  Hydrencephalocele,  xxvL  488 ; 
Lobe,  Appearance  of  (Cunningham), 
xxiv.  809-845 ;  Mapping  out  of, 
xxiv.  889 ;  and  Mastoid  Begions, 
Processes  of  (Corner),  xxx.  886* 
889. 

Odontoeeti^  xxv.  106. 

Odontomes,  xxi.  665-667. 

Odontomithes,  xxiv.  169  U9eq,\  xxvii. 
886. 

(Edema  of  Foetus  from  Absence  of 
Thoracic  Duct  (Smith  and  Birming- 
ham), xxiii.  532-536. 

(EdipuSf  Brain  of,  xxii.  679. 

(EgUUitis  7njOfUanu$i  Number  of  Yer- 
tebrffi  in,  xxv.  514. 

(Esophageal  Diverticulum  of  Narwhal, 
xxiv.  188. 

(Esophagus  of  Clupeoid  Fishes,  xxvi. 
28  (note) ;  of  Delphinns,  xxiii  480  ; 
of  Grey  Seal,  xxx.  488  ;  of  Hedgehog, 
Histology  of,  xxvii.  91  ;  of  Hyaena^ 
xziii.  92  ;  of  Hyperood(n^f  xxiiL  471 ; 
otMonodon,  xxiii.  494;  Imperforatus, 
xxiz.  466. 

Ogle,  J.  W.  Nerve  Piercing  Walls  of 
an  Artery,  zziz*  20. 

Oily  Debris,  how  Removed,  in 
Catarrhal  Nephritis  (Hamilton),  zzv. 
198-201. 

Olfsctory  Apparatus  of  Mammalia,Txv, 
106  ;  Bulb,  xxviiL  895  ;  of  Omitho* 
rhffichus,  XXX.  466  ;  OtXl,  xxviii, 
887 ;  Fissure,  xxv.  188 ;  Organ, 
Histological  Structure  of  (Findlay), 
xxviu.  887-400 ;  Nerves,  xxviu.  898  ; 
Tubercle  of  Omithorkynehus,  xxx. 
468. 

Oliver,  James.  Menstruation  —  its 
Nerve  Origin  — not  a  Shedding  of 
Muootts  Membrane,  xzi.  878-884  ;  a 
Tumour  Weighing  overTfaree  Pounds 
oceuiring  in  an  Eight  Month  Foetus, 
xxi.  571-574  ;  Cutaneous  Nerves  of 
Trunk,  with  Special  Befersnoe  to 
Herpes  Zoster,  xxiv.  pp.  ill,  zL 
OloriE,  F.  Distribucion  G^grsfioa  del 
Indies  Cefalic<^  en  Espa&a  (Notice), 
473. 
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Om  Appendicit  (Lennander),  (Notice), 
zzyiii  884. 

Omphalo-mesenteric  Duct,  Persistent, 
zxvii.  421. 

OnUeua,  Divertioala  of,  xxv.  178. 

Onodi,  A.  Anatomy  of  Nasal  Cavity 
and  its  Accessory  Sinuses,  an 
Atlas  for  Practitioners  and  Students 
(Notice),  zxix.  471. 

Opercula  of  Island  of  Bell,  xxv.  286. 

OphioeepJuLlus,  xxix.  188 ;  gaehua, 
xxix.  527. 

Ophthalmia,  xxL  240,  262. 

Ophthalmoplegia  externa,  zxx.  41. 

Oplurtu  torqucUus,  Scoliosis  in,  xxiii. 
297. 

Opossum,  Absence  of  External  An- 
terior Thoracic  Nerye  in,  xxiv. 
56,  56 ;  Brain  of,  xxv.  118  (note) ; 
Dorso-epitrochlear  Muscle  in,  xxii. 
296 ;  Hair-nerves  of,  xxvii.  229  ; 
Lateral  Cutaneous  Nerve  of,  xxii. 
297  ;  Middle  Sacral  Artery  in,  xxx. 
500 ;  Myology  of,  xxi.  116,  124  et 
aeq,  ;  Nerve-supply  of  Panniculus  in, 
xxiii.  218  ;  Pectoralis  Quartus  of, 
xxii.  298 ;  Yolk-sac  in,  xxvi.  808  ; 
Australian,  Brain  of,  xxvii.  75 ; 
Virginian,  Brain  of,  xxviL  69 ; 
Deltoid  in,  xxi.  116  ;  Mammce  of, 
xxv.  285  ;  Tarsus  of,  xxiii.  246. 

Optic  Bulb,  Atrophy  of,  xxviii.  874  ; 
Commissure,  Position  of  (Lawrence), 
XXVIII.  pp.  xviii-xx;  Foramen, 
xxii.  80 ;  Stalk,  Relation  of  Optic 
Nerve  to,  xxx.  826  ;  Thalamus  and 
Tract,  xxviii.  282,  288. 

Orang,  Hand  Muscles  in,  xxiL  82  et  seq. ; 
Anatomy  of,  acxvi.  149  et  aeq, ;  xxx. 
277,  818,  814  ;  Biceps  Flexor  Cruris 
of,  xxvii.  288  ;  Brain  of,  xxiL  576 ; 
xxiv.  188  et  seq.,  883  ;  xxv.  4  et  seq,, 
1287.;  xxvii.  288;  xxix.  2H  eteeq.; 
Cranium  of,  xxix.  488 ;  External 
Condyle  of  Tibia  in,  xxiii  630 ; 
Fibrous  Band  on  Dorsum  of  Scapula 
in,  xxx.  p.  xiv ;  Foot  Muscles  in, 
xxii.  87 ;  Foot  of,  xxviL  128  ;  Hand 
of,  xxvii  117  ;  Innervation  of  Lum- 
brioalee  of  Foot  of,  xxi  579  ;  Liga- 
ments of,  xxviii  158 ;  Myology  of, 
xxvi  824  et  seq,;  xxviii.  837  et  aeq, ; 


Origin  of  Carotid  and  SubcUvian  in, 
xxix.  458 ;  BibB4)f,  xxiv.  129  ;  Shcxrt 
Muscles  of  Pollex  and  HaUuz  of, 
XXII.  p.  iii;  Skull  of,  xxiv.  354  et 
aeq.;  xxv.  469;  Sternum  of,  xxni. 
p.  xxiii ;  Supernumerary  Kipple  in, 
xxv.  241 ;  Tibia  and  Astragalus  <^, 
xxiv.  214 ;  Tooth  of,  xxix.  p.  xix ; 
Vertebre  of,  xxiv.  46,  120. 

Orca  gladiator,  xxix.  471 ;  Stomach 
of,  xxiii  489. 

Oreella  hremraatria,  Stomadi  of,  xxiii 
488. 

Orchard  Oriole,  xxii.  815. 

Organ  of  Girald^,  xxii  72 ;  xxviiL 
121 ;  of  Jacobson,  xxx.  70  et  seq.  ;  in 
Kangaroo  and  Rock  Wallaby  (Sym- 
ington), xxvi.  871-874;  of  Bosen- 
mtlUer,  xxii.  72. 

Origin  of  Double  Monstrosity  (Windle), 
xxiii  390-899 ;  of  Ophthalmic  Ar- 
teiy  from  Middle  Meningeal  (Mns- 
grove),  xxvii  279-281 ;  of  Umbilical- 
cord,  xxvii.  874  ;  and  Distribution 
of  Nerves  of  Lower  limb  (Paterson), 
xxviii.  84-95,  169-198  ;  and  Intra- 
cranial Course  of  Ophthalmic  Artery 
and  Relationship  to  Optic  Nerve 
(Fawcett)  xxx.  49-52. 

Orioles,  xxii  809  et  seq. 

Omithodelpha,  Pelvic  Girdle  of,  xxi. 
866. 

OmUhodelphia,  Heart  of,  xxiii  258. 

Omithodelph/ga,  Shoulder-girdle  in, 
xxi  192. 

Omithorhynchua,  xxv.  86;  xxix.  p. 
xxviii ;  Acromion  of,  xxvi.  405  ; 
Bifid  Genital  Tract  in,  xxvii.  875  ; 
Brain  of,  xxv.  116 ;  xxvi  357,  p. 
vii ;  xxvii.  70 ;  xxx.  169, 188  (note), 
280,  465  ;  Coraco  •  brachialis  in, 
xxi.  119  ;  Digital  Bones  of,  xxviii 
60 ;  Homology  of  Dumb-bell-shaped 
Bone  in  (Symington),  xxx.  420-432  ; 
Intra-narial  Epiglottis  in,  xxiii  269, 
591 ;  Mammary  Organs  of,  xxv. 
226 ;  Musdes  of,  xxiv.  75 ;  Organ 
of  Jacobson  in,  xxvi  871 ;  xxx.  74  ; 
Ovary  of,  xxi.  170,  174 ;  Pectoral 
Limb-girdle  of,  xxi  865 ;  Placenta 
of,  xxvii  875;  Fyramidalis  Muscle 
ib,    xxii  546 ;   Shoulder-girdle  of. 
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xzi.  106,  198 ;  Tute  Bulbs  of,  zziii. 
205,  580  ;  Temperatare  of,  xxr,  881; 
Tongue  of,  zziv.  87 ;  amatnmus, 
Pelvis  of  (Howes),  xzvii.  543-556; 
p.  xzxriii 

Orthogonal  Projections  of  •'Skoll, 
Apparatns  for  Tracing  (Matthews), 
zzi.  48-45. 

Oryeteropua  eapensis,  zzv.  120  (note). 

Os  Pedis  of  Horse,  zzviii.  248,  842 ; 
Styloidenm  (Black),  xzvrii.  p.  zz; 
of  Third  Metacarpal,  Separation  of 
(Smith),  xxTii.  p.  zxzyii. 

Osmatic  Gyrenc^phales,  zxx.  17. 

OspkromentUf  zziK.  188. 

Ossements  Humains  Anciens  et  Tt6- 
historiqnes  en  vue  de  la  Reconstita- 
tion  de  la  Taille  (Bahon)  (Notice), 
xxix.  142,  144. 

Osseous  Bodies  in  Joints,  zxiv.  861 ; 
System  of  Sirenomelian  Monster, 
zxx.  507 ;  in  Symelian  Monsters, 
zxx.  170. 

Ossicle  at  Posterior  Border  of  Astra- 
galus (Bennett),  xzi.  59-65  ;  (Shep- 
herd), xxi.  885. 

Ossific  ITnion  of  Last  Lumbar  Vertebra 
to  Sacrum  in  Gorilla,  zxvii.  182. 

Ossification  of  Bones  of  Foot  of  Horse, 
xxviii.  55 ;  in  Head  of  Humerus 
at  Birth  (Spencer),  zxv.  552-556,  p. 
xviii ;  of  Pterygo-spinous  Ligament, 
Frequency  of,  and  its  Relation 
to  Branches  of  Inferior  Maxillary 
Nerve,  xxviii.  68,  66;  of  Third 
Trochanter  in  Man  <  Dixon),  xxx. 
502-504. 

OstariophyseoBj  xxix.  110,  400,  518  a 
seq, 

Odteal  Outgrowth  from  Shaft  of  Femur 
consequent  on  Irritation  by  a  Needle 
(F^wcett),  xxviii.  464. 

OsteieJUhyes,  Kidney  in,  xxiv.  407. 

Osteitis  Deformans,  xxiv.  488 ;  Causa- 
tion of  Curves  in  (Lane),  xxii.  15-27. 

Osteo-arthritis,  xzvi.  p.  x ;  -carti- 
laginous Bodies  in  Joints,  xxiv.  860 ; 
-dentomata,  xxL  666. 

Osteological  Note  upon  the  Young  of 
Oeocoeeyx  ealifomiantis  (Shufeldt), 
xxi.  101,  102. 

Osteology  of  Aborigines  of  New  Zealand 


and  Chatham  Islands  (Scott)  (Notice), 
xxix.  141,  148 ;  of  Anencephalous 
Foetus  witii  Three  Arms  and  Three 
Lower  Extremities  (Parsons),  xxx. 
240  ;  of  Arctic  and  sub-Arctic  Water- 
birds  (Shufeldt),  xxiii.1-39, 165-186, 
400-427,537-558;  xxiv.  89-116, 169- 
187,  548-566 ;  xxv.  60-77,  509-525  ; 
o{  CarthatiidcB,  xxiii.  178  ;  of  Cranes, 
Rails,  etc  (Shufeldt),  xxix.  21-84 ; 
of /(^^omis  (Shufeldt),  xxvii.  886- 
842 ;  of  leUridm  and  Gorvidas 
(Shufeldt),  xxii.  809-850  ;  of  Loiigi- 
penries,  xxiv.  548 ;  of  Loons  and 
i  Grebes,  xxiv.  169 ;  ef  VriiuUoridce, 
xxiv.  173. 

Osteophytes,  Wandering,  xxiv.  868. 

Ostium  Genitale  of  Herring,  xxvi.  29. 

OUraeion,  xxix.  113,  409. 

Otaria,  Digital  Bones  of,  xxviii  59  ; 
Brain  of,  xxii  556  ;  jubcUa,  Ento- 
scaphoid  of^  xxiii.  246 ;  Muscles  of, 
xxiv.  77 ;  Pineal  Body  in,  xxii. 
802. 

OiiSf  xxix.  21  et  aeq, 

Otocoris,  xxii.  826. 

Otoeyon,  Hyoid  of,  xxx.  517  et  seq, 

OtolUhus,  Air-bladder  in,  xxix.  221  et 
seq. 

Otter,  xxix.  410  ;  Brain  of,  xxii  560  ; 
xxv.  128  ;  Great  Omentum  in,  xxx. 
855  ;  Muscles  of,  xxiv.  74. 

Outgrowth,  Osteal,  from  Shaft  of 
Femur  consequent  on  Irritation  by 
Needle  (Fawcett),  xxviii.  464, 

Outlines  of  Practical  Histology 
(Stirling)  (Notice),  xxiv.  618. 

Outstanding  Ear,  xxvii.  419. 

Ova  of  FerichcBtaf  xadi  18 ;  of  Bona 
temporariaf  Experiments  on,  xxvii. 
415  ;  of  Trout,  Influence  of  Electricity 
and  Magnetism  on,  xxix.  350. 

Ovarian  Cysts,  xxv.  286. 

Ovaries,  Additional,  xxviii.  81 ;  of 
Sycena,  xxiii  101. 

Ovary,  xxii  72 ;  Position  and  Peri- 
toneal Relations  of  the  Mammalian 
(Robinson),  xxi.  169-179 ;  Super- 
numeraty,  xxvi  486  ;  of  EudrUvs 
boyeri,  xxii.  10 ;  in  LimicoloB,  xxii. 
10  ;  of  Ltmlfrieu8y  xxii  18. 

Over-inspiratory  Clonus  from  Stimula- 
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tion  of  Olfactory  Bulb  and  Tmet, 
26. 

Ovidactfl,  xxu.  461-478. 

OviM,  Hyoid  of»  zzz.  628  ;  aaries^  Bmin 
of,  ZZ7.  188. 

Ovum,  inomaloiia  Hanuui,  zzviii  370  ; 
Defects  of,  zzix.  465  ;  of  Annelid, 
Stroctare  and  DoTelopment  of 
(Beddard),  zxii.  9-14. 

Owen,  £.  Manual  of  Anatomy  for 
Senior  Students  (Notice),  xxiy.  618. 

Owl,  Bam,  Taberculosis  in,  xziii.  647  ; 
zziv.  516. 

Oz,  Brain  of,  zidy.  818  ;  zzr.  112 ; 
Elbow  of,  xxz.  870 ;  Epiglottis  of, 
xxiii.  618 ;  Gut  of,  zzx.  849  ;  Limb 
Plexuses  in,  zzi.  619, 620  ;  Moderator 
Band  of,  xxiii.  252 ;  Nerve-8ap]iljf 
of  Feeler  Hairs  of,  xxvii.  225 ;  Nerlms 
of,  xxiii.  288,  292;  Osteology  o^ 
xxix.  244. 

Oxydoraa,  xxix.  211,  421,  526,  652^ 

Oyster-catcher,  xxiii*  186 ;  Osteology 
of,  XX7.  509. 

Ozone  and  Spread  of  Disease,  xxL  246. 


Paddlb    in    Megaptera    and    other 

Whales,  xxli.  114. 
PalcBobcUruehuSf  xziv.  p.  svii. 
PcUoBonemertsa,  Brain  in,  xxii  887. 
PcUcBotUseides,  xxix.  487» 
Palameleidc^  xxix.  23. 
Palate,  Innervation  of  Muscles  of  Soft 

(Turner),  xxiii.  523-581. 
Palatine  Oleft,  xxti.  429. 
Palatoplogia,  xxiii.  581. 
Pallium,    XX7.    106   et  seq,    118;   of 

Babbit,  xxx.  18. 
Palm  of  Hand,  Integumentary  Qrooves 

on  (Hepburn),  xxvit.  112-180. 
Palmar  Oartilage  of  Srethiztm,  xxii. 

129  ;  Fascia,  xxvi.  176 ;  xxviii.  162. 
Palpebral  Fissure  of  Dugong,  xxriii 

826  ;  of  Foetal  Manatee,  xxviiL  829. 
Paludieola,  xxix.  21  e<  eeq.^  32  et  s$q. 
Palttdicoline  Birds  of  Nortli  America, 

Taxonomy  o(  xxix.  82. 
Pancreasi  Absence  o(  xxix.  465 ;  Ooroi* 

noma  of,  xxvii  148  ;  DestractioQ  of, 

xxvi.  205  €t  seq.;  Position  of,  xxvii. 

271 ;  Transposition  of,  xxix.  467 ;  of 

I>elpfUnu9t  xxiii.  481 ;  ntL  264  ;  «f 


Grey  Seal,  xxz.  498 ;  of  Wsdgtitog 
daring  fiibematioB  (Carlier),  zxx. 
884««46 ;  of  EyeoM,  xxiii.  9S  ;  of 
Eypiroodtm,  xxiiu  474 ;  of  MUrvp- 

Uron,  xxiii.  470 ;  TuberenkMiB,  sdii. 

644  et  89q, 
Pancreatic  Digestion,  Actioiiof  InloBed 

Substances  on   (Fraser),  zxt   887- 

861 ;  Ducts,  xxinix.  pu  xiii ;  J 

and  Bacteria,  xxl  427. 
PcmgaHus,  xxix.  211,  421,  661. 
Pangolin,  xxv.  120  (note). 
Panjabi,    Morphdogical 

in  (Charles)^  xxviii  271-280  ; 

phology   of    Lower    Extremil 

(Charles),  xxviii  1-1& 
Papillte  Foliate  of  Tongue,  Anatomy 

of  (Tuckennan),  xiiL  138, 499 ;  xxiii. 

568. 
OixoumvallatiB,  xxii.  600  ;  xxiii. 

666 ;  xxiv.  86.. 

-,  Fungiform,  xxiii  667  ; 


85,  68. 
Papillary  Ridges  on  Hands  and  Feet 

of  Monkeys   and   Men  (Hepbnni) 

(Notice),  XXX.  314. 
Paptllault,  G.     La  Suture  M^topique 

et  ses  Bapports  avec  la  Morphologie 

Cianienne  (NotioeX  xxx.  684. 
Paaacephalns,  xxviii  870. 
Pftracondylar  Process,  xxv.  428. 
Paradidymis  of  Waldeyer,  xxii  72. 
Pan^agular  Canal,  xxv.  431. 
PandysiB,  Contractions  in,  xxviii  462. 
Parasites  of  Megapierctf  xxii  124. 
Parasitic  Foetus,  Bare  (Parsons),  xxz. 

p.  ii 
Parenchyma  of  Wolffian  Body,  xxii 

45. 
Parietal  Foramina,  xxvi  7  ;  Enormoos 

(Symmois),  xxix.  829-380. 
Parioto-occipital   Fissure,   xxv.    J  40 ; 

-spheboidai  Suture,  xxvi  7. 
Parker  on  Olub  Foot,  xxiii.  p.  xxv. 
pRZOccipitBl  Process;,  xxv.  482 ;  xxvi.  7  ; 

of  Punjab  Skulls,  xxvii  18. 
Pfttoophoion  of  Waldeyer,  xxii  72. 
Parovarium  of  Kobelt,  xni  78. 
PaffTMfo,  xxix.  28  «<  ssf. 
Parrot  Auks,  Osteology  of,  xxv.  821. 
Parrots,  Hyoid  of,  xxx.  819. 
Psn  Plana  of  Pmrnm  omiliiiB,  xxix: 
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27 ;  TriADgnlaria  oi  Iftland  of  Rei], 
zzv.  287. 

PareoiiBy  9.  O.  Occipital  Bone  witK 
Process  Facetted  to  ArtieuUte  with 
OdoBtoid  Prooess,  zxiv.  p.  zix; 
Short  Muscles  of  Thumb,  zxv.  p. 
iii ;  Myology  of  Rodents,  xzvi.  pp» 
z-xiii ;  Morphology  of  Mnsonlas 
Stemalis,  zzvii  605-507  ;  Abnormal 
Rib  in  Systrix  cri9tata,  xxtii.  p. 
ziii ;  Morphology  of  Tendo-achillis, 
zzYiii.  414^18,  p.  zz ;  Moyements 
of  Metacarpo-phaJangeal  Joint  of 
Thumbi  zziz.  446-452 ;  Absence  of 
Eztensor  Primi  Intemodii  Polliois, 
zziz.  p.  ii ;  Possible  Stemalis 
Muscle  in  Bathyergus  mariUmus, 
ZZIZ.  pp.  zi-ziy ;  Anatomy  of  an 
Anenoephalotts  Foetus  with  Three 
Arms  and  Three  Lower  Eztremities, 
zzz.  288-258  ;  Rare  Form  of  Para- 
sitic Foetus,  zzx  p.  ii. 

Passer  domuticus,  Monstrosities  in, 
zzvii  416. 

Passerine  Skulls,  zdi.  817. 

Patellar  Reflez;  zzviiL  468. 

Patent  Vitelline  Duct  and  Ectopia 
Vesioe  (Seqnira),  zzz.  863-868. 

Paterson,  A.  M.  On  some  Mons- 
trosities in  a  Dorking  Fowl,  xzi, 
180-184;  the  Morphology  of  the 
Sacral  Plezns  in  Man,  zzi.  407-412  ; 
Limb  Plezuses  of  Mammals,  zzi.  611- 
684  ;  Position  of  the  Mammalian 
Limb,  regarded  in  the  Light  of  its 
rnnenration  and  Development,  zziii. 
283-209  ;  Fraotnre  of  Cervical  Verte- 

.  bne,  zziY.  p.  iz  ;  I^tinens  Muscle 
and  its  Nerve-snpply,  zzvi  48-47  ; 
Anomalies  of  Skeleton  of  Negro, 
xzvii.  p.  zzii ;  Origin  and  Distri- 
bution of  Nerves  of  Lower  Limb| 
zzviii.  84-05,  169-193  ;  Diapbrag. 
matic  Hernia,  xxix.  pph  izi-zziii ; 
Distribution  of  Spinal  Kervea, 
630-588. 

Pathological  Alterations  of  Blood, 
864  ;  Conditions  of  the  Spinal  Cord, 
zzli.  490. 

Pathology  of  Qeun  Valgum,  zziv.  698^ 
597;  of  Joint  Bodies  (Patteson), 
zziv.  860-^8 ;  of  Vermiform  Ap- 


pendix (Lennander)  (Notioe),  zzvilL 
884 ;  and  Physiology  of  Blood  (Mnir), 
zzv.  256-277,  852-878,  475-504. 

Patteson,  R.  G.  Contribution  to  Path- 
ology of  Joint  Bodies,  zziv.  860- 
868  ;  Adenoma  of  Breast  in  Child- 
hood, zzvi  509-515. 

Peacock,  Tabereolosis  in,  zziii  645. 

Pearls,  Epithelial  in  Foetuses  and 
In&nts  (Eanthaok),  zzvi  501-508. 

Peba  Armadillo,  Sacral  Rib  in,  zzvii 
545. 

Pectoral  Arch  in  Birds,  zziii  20,  85, 
176,  408,  652  ;  zziv.  102,  172  ;  zzv. 
515  ;  Bztremity  of  Sissa,  zzv.  60  ; 
Fin  of  BdlcBMpUra^  zzii  242  ;  of 
Mtgaptera  and  other  Whales,  zzifl 
118,  240  ;  zzix.  170  ;  of  SUuroidcs, 
zziz.  206  ;  Girdle  of  TeUosUi,  zziz. 
113  ;  Limb  of  DtlphMiapUrus^  zzz. 
146  ;  of  Foetal  Dugong,  zzviii.  322  ; 
of  Foetal  Manatee,  zzviii.  831  ;  of 
IcUridm  and  Ccrvidos^  zzii.  839. 

Pectorales  Pediculati,  zziv.  419  (note). 

Peculiarity  in  Median  Nerve  and  In- 
ternal Jugular  Vein  (Williams),  zzi. 
88a. 

Pedal  Skeleton  of  Dorking  Fowl,  with 
Remarks  on  HozactyUsm  and  Phalan- 
geal Variation  in  Amniota  (Howes  & 
Hill),  zzvi.  895-408. 

Pedunculus  Cerebri,  zzv.  108. 

Pdofrgiy  zziz.  22. 

fdargomoTfhos,  zzix.  28. 

PeUona  leehenavUii,  zziz.  188. 

Felobates  fuscus^  Triply  divided 
Chorda  in,  zzvii  416. 

Pelvic  BoneS)  Inter-pelvic  Ligament 
and  Pelvic  Muscles  of  Risso's  Dol- 
phin, zzvi.  267  ;  Cavity,  Fibrous,  of 
Oetaesa,  Formation  of,  zzvii.  299 ; 
Eztremity  of  Colpmhus,  Morphology 
of,  zziv.  178 ;  in  Birds,  zzii  848  ; 
zziif.  29,  410  ;  zziv.  106,  188 ;  zzv. 
65,  622 ;  zziz.  82  ;  Plezus,  Vesical 
Branches  of,  zziz.  77. 

Pelvis,  Daplidty  of,  zzviii  81 ;  of 
Ar(»mu$  ffiganteui,  zziz.  81 ;  of 
Cat|  Cotyloid  Bone  in  (Sutton),  xzix. 
pp.  zzvii-zzviii ;  of  Chrus  amerieana^ 
zziz.  81 ;  of  Microoephalio  Idiot, 
zzviii  489;  of  Foncma  earoHna, 
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^uciz.    27;  of  JRaUua   longiroBtriSt 
xxiz.  31. 

Pendlebuiy^  H.  S.  Accessory  Sapra- 
condylar  Ligament  at  Back  of  Knee, 
xxYiii.  p.  iv, 

Pengalns,  XKvi  199 ;  Osteology  of, 
xxiii.  26,  174  ;  xxiy.  107. 

Penis,  Absence  of,  xxv.  441 ;  Addi- 
tional, xxviii  31  ;  Adherent  to 
Scrotum,  xcWL  422 ;  on  Back  of 
Man,  xxvii  422 ;  Duplicity  of, 
xxviii  29 ;  Innervation  of,  xxviii. 
185,  190;  xxix.  62;  of  Fcetal 
Dagong,  xxviii.  318  et  seq, ;  of  Grey 
Seal,  aocz.  494 ;  of  JfegapUra,  xxii. 
116  ;  of  Bisso's  Dolphin,  xxvi.  268. 

Pepsin,  Action  of  Micro-organisms  on, 
xxi.  415. 

Peptic  Digestion,  Action  of  Infnsed 
Substances  on  (Fraser),  xxL  337- 
361 ;  of  Albumenoids,  xxi.  345. 

Peptone  Salt  Solution,  xxv.  257. 

Perameles,  Brain  of,  xxx.  168, 187,  481 ; 
Taste-bulbs  of,  xxiii.  205,  580; 
lagoiea,  Anatomy  of,  xxi.  104  ;  xxii. 
545. 

Pericardium  of  Grey  Seal,  zkx.  497. 

PerichoBta,  Reproductive  Organs  of, 
xxii.  9,  13. 

Perineal  Body,  xxiii  107 ;  Fascia  of 
Whale,  xxvii.  809. 

FeHneoamorphtiSf  xxvL  432. 

Perineum,  Distribution  of  Nerves  to, 
xxviii.  184,  189 ;  of  Octaeea,  Forma- 
tion of,  xxvii  299;  of  Belphdn- 
apterus,  xxx.  130. 

Perionyx  exeavatus,  zxiv.  420  (note). 

Periosteal  Fibroids,  xxvi  566  ;  Liga- 
ments, XXIX.  p.  viii ;  (Macalister), 
xxv.  p.  V, 

PeripXaneta^  Pyloric  Cssca  of,  xxv,  174. 

Periplast,  xxiv.  269. 

PerUorevM,  xxii  309,  349. 

Perissodactyla,  Osteology  of,  xxx.  503. 

PerisUdion  eataphractttm,  xxix.  189, 
205. 

Peritoneal  Cavity,  Absorption  of  Blood 
from,  xxi  460  ;  Pouches,  xxix.  500  ; 
Transfdsion,  Value  of,  xxi.  468. 

Peritoneum,  its  Arrangement  in 
Animals  (Robinson),  xxx.  849-361 ; 
Relations  of,  to  Descending  Colon 


in    Human    Subject    (Symington), 

XXVL  530-687,  p.  xxi. 
Permanent  Kidneys,  xxii.  54. 
Perodactyly,  xxvi  439. 
Perodidieus  poUo,    Moadefl    of,   xxii 

545. 
Peroxide   of   Hydrogen    for    deaning 

Bones  (Buchanan),  zxYii.  p.  ix. 
Perrier,    R.       iliments    d'AnaComie 

Compar^e  (Notice),  xxvii  42t^. 
Persistence  of  Kotochord  in  Human 

Subject  (Musgrove),  xxv.  366. 
Persistent  Branchial  Cartilage,  xxvii. 

418 ;   Miillerian   Duct   (Lockwood), 

XXVI.  pp.  i-ii ;  Omphalo-mesenterk 

Duct,  xxvii.  421. 
Pes  of  Arcunus  giganUus,  xxix.  82  ;  of 

Grey    Seal,    xxx.     414;    of    &nu 

ameri<M7ia,    xxix.    82 ;    of   BaUtu 

longirostris,   xxix.   82 ;    Anaerinns, 

Removal  of,  xxvi.  232 ;  CaYua,  xxv. 

104  ;  Hippocampi,  Minute  Anatomy 

of  (Sala),  xxv.  578-580. 
Petaurus,  Brain  of,  xxx.  163  ei  seq,, 

187. 
Petrodromus,  xxv.  114  (note). 
Petrogale,  Brain  of,  xxx.    167,   187; 

peniciUcUa,  Organ  of  Jaoofaaon  in, 

xxvi  371-374. 
Pe^omysx>n,Anatomy  of  Vagus  in,  xxii. 

872  ;  xxiii.  428  ;  Brain  of,  xxr.  107  ; 

xxviii  382  ;  Spinal  Nerves  in,  xxii. 

880 ;  JUmatUis,  Epiphysis  Cerebri 

in  (Whitwell),  xxii  502-504. 
PhacoehcBnu,  Brain  of,  xxv.  134. 
Phalangsr,  Myology  of^  xxi  124. 
Phalangeal     Variation    in    Amnioia 

(Howes  k  HiU),  xxvi.  395-403. 
Phalanger,  Organ  of  Jacobson  in,  xxx. 

76 ;    Brain   of,  xxvii.    69 ;    Intra- 

narial  Epiglottis  in,  xxiii  690. 
Phalmn/gista,  Brain  of,  xxv.  107  et9eq., 

117  ;  xxx.  168  a  teq.,  187  et  Mg.; 

Taste  Organs  of,  xxiv.  85  ;  wUpima, 

Myology  of,  xxi.    103  ;  xxii  552 ; 

xxiii  215  ;  xxiv.  75. 
Phalarides,  xxix.  22. 
Phalaropes,  xxvi.  199. 
Phaleridos,  xxv.  75. 
PhaleridituB,  xxiii  587  ;  xxiv.  114. 
Pharmacology  of  Curare  and  its  Alka- 
loids (Tillie),  xxiv.  87^-406^  508- 
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516;   xzr.    41-59;   of  Nitrite   of 

Sodium,  xzii.  228  ;  of  the  Nitrites 

and  Nitro-glycerine  (Atkinson),  xziL 

225-239,  861-371. 
Pharyngeal  Tonsil  (Hill),  xxiv.  p.  ziy. 
Pharynx  of  Herring,  xzvi.  28  (note) ; 

Mammalian,        Observations        on 

(Bowles),  xxiiL  606-615. 
PhaseogcUe^  Anatomy  of,  xxi.  lOT  etseq. 
Phascolaretoa,   Brain  of,  xxx.   163  el 

aeq.,  187  ;  einereus,  xx7.  118  (note) ; 

Muscles  of,  xxii.  545. 
FhascolomySy  Shoulder-girdle  in,  xxi. 

192 ;  wnib<Uu9f    xxv.   118  (note) ; 

Glutens  Quartus  in,  xxii.  552. 
PhenaeodeSf  Length  of  Fore-limb  Bones 

of,  xxviiL  367,  368 ;  Osteology  of, 

xxviii.  238  et  aeq. 
Phoca,  Brain  of,  xxiL  554  ;  tzv,  131  ; 

xxviii.  269  ;  Muscles  of,  xxiii.  505  ; 

xxiv.  77  ;  Pineal  Body  in,  xxii.  301. 
Phocanta,  xxiv.  190 ;  xxix.  471  ;  xxx. 

153  ;  Brain  of,  xxv.  110, 186;  xxviii. 

269  ;  Mammary  Gland  in  (Hepburn), 

xxviii.  19-24  ;  Middle  Sacral  Artery 

in,  XXX.  500  ;  Stomach  of,  xxiiL  476, 

478 ;   Temperatore   of,    xxv.   385  ; 

Transverse  Processes  in,  xxii.  639. 
Phocomelous  Monster,  xxvi.  481. 
PhcenicopUrincB,  xxix.  23. 
Pholidotus,  Muscles  of,  xxiv.  76. 
Phonograph,    Tone    and    Curves    of 

(M'Kendrick),  xxix.  583-592. 
Phosphatic  Calculi,  xxx.  310. 
Photography  as  an  Aid  in  Morpho- 
logical Investigation  (Fraser),  xxiv. 

p.  i. ;  in  Colours,  xxx.  118. 
Phthisis,  Blood  in,  xxv.  489. 
Phylogeny  of   0)rpus  Callosum   and 

Septum  Pellucidum,  xxx.  188  ;  of 

Mammalian  Respiratory  Apparatus 

(Howes),  xxiii  263-272. 
Physical  Examination  of  Milk,  xxix. 

188. 
Physiological  Characters   of   Carcino- 

mata   (Waring),    xxviii.    142-148; 

Laboratory  of  Edinburgh,  Notes  from 

(Haycraft,  Carlier,    Scofield),   xxii. 

133,  134;    Notices,    xxi.   166-168;   | 

Observations  upon  Urinary  Bladder 

and  Urethra  (Griffiths),  xxix.  254- 

275. 


Physiology  of  Cerebral  Convolutions  of 
Cat,  XXX.  6  ;  of  Dog,  xxx.  6  ;  of 
Heart  of  Snake  (Mills),  xxii.  1-8  ;  of 
Insectivorous  Brain,  xxx.  14 ;  of  the 
Shoe-maker  (Lane),  xxii.  593-628  ; 
and  Pathology  of  Blood  (Muir),  xxv. 
256-277,  35^-373,  475-504.  . 

Physischen  Anthropologic  der  Feuer- 
lander  (Martin)  (Notice),  xxix.  141, 
143. 

Physostomi,  Osteology  of,  xxix.  110. 

Pica,  xxii.  309  et  seq, 

Pichey,  Sacrum  of,  xxvii.  549. 

Pichici^go,  xxiii.  589. 

Pieieorvus,  xxii.  310 ;  columhianus, 
xxii.  348. 

Pickering,  J.  W.  Proamnion  and  Am- 
nion in  Chick,  xxiv.  1-21. 

Piersol,  Dr  G.  A.  Human  Monstrosities 
(Notice),  xxvi.  576,  577. 

Piette,  E.  L'Epoque  Ebum^nne  et  les 
Races  Humaines  de  la  p^riode  Glyp- 
tique  (Notice),  xxix.  141,  144. 

Pig,  Abnormal  Kidneys  from 
(Hepburn),  xxix.  16,  17  ;  Brain  of, 
xxii.  554  ;  xxiv.  313;  xxv.  \l2etseq. ; 
XXX.  17,  157 ;  Development  of  Liver 
in,  xxv.  187  ;  Digestive  Tube  in, 
xxx.  349 :  Effect  of  Castration  of,  on 
Prostate,  xxiv.  39 ;  Epiglottis  of, 
xxiiL  594,  606^  et  seq.  ;  Gastric 
Ferment  in  (Southall  k  Haycraft), 
xxiii.  452-454  ;  Gustatory  Organs  of, 
xxiii.  205;  Hair-nerves  of,  xxvii. 
228 ;  Hyoid  of,  xxx.  521  ;  Larynx 
of,  xxiii.  269  ;  Limb  Plexuses  in,  xxi. 
619,  620  ;  Muscles  of  Rudimentary 
Ears  of  (Stuart),  xxv.  301-303; 
Nerves  of,  xxiii.  288,  292  ;  Organ  of 
Jaoobson  in,  xxvi  374  ;  Peritoneum 
of,  xxx.  856 ;  Stcnnach  of,  xxiv. 
189. 

Pigeon,  Single  Kidney  in,  xxviii.  201. 

Pigeons,  Osteology  of,  xxv.  511  et  seq. 

Pike,  Multiple  Formations  in,  xxvii. 
415. 

Pike-whale,  Carpus  of,  xxix.  162 ; 
Pelvic  Bone  of,  xxvii.  323. 

Pilchard,  xxvi.  26  et  aeq, 
Pilocarpin  Hydrochlorate,  Action  of, 
on  Non  striped  Muscle,  xxiv.  206, 
20». 
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IHrneMina,  zxix.  211  (note)^  548. 

Pimelodines,  xriy.  524 ;  SouncU  Pro- 
daced  by,  zxix.  116  et  $eq. 

Pimelodus,  xxix.  409,  519 ;  pukh$r, 
xxix.  524  ;  aapo,  xxix.  524. 

Pinoal  Body,  xxil.  502  ;  in  the  Brains  of 
the  Walrus  and  Seals  (Taroer),  zziL 
800  ;  Eye,  xxiv.  p.  xy  ;  of  ffcUUria 
punctata,  xxii.  504;  of  Lacertilia, 
xxiL  502  ;  of  Lamprey,  xxii.  502  ; 
of  Varamts  giganteiu,  xxiL  504, 

Pinna,  Malformed,  xxvii.  418  et  seq, 

Pinnipediat  Brain  of,  xxii  558  ;  xx7. 
126  ;  Muscles  of,  xxiv.  77;  Olfactory 
Apparatus  of,  xxv.  106 ;  Skulls  of, 
XXV.  469  ;  Stomach  of,  xxiv.  190  et 
seq, 

Pi&on  Jay,  xxii  810  «^  aeq. 

Fipa,  Osteology  of,  xxiY.  p.  xvi. 

Pipilo,  xxii.  387. 

Piping  Hare,  Saoram  of,  xxvii.  549. 

PiramtttiTUi,  xxix.  211  (note)L 

Piranga  ludoviciana^  Osteology  of, 
xxii.  2il^  et  8eq. 

Piratinga  JUamentoaa,  xxix.  519. 

Piraya,  xxix.  410, 

PithecanthropidaSt  xxix.  480. 

Pithecanthropus  erectua  (Tamer), 
xxix.  424. 

Pithecif  Muscles  of,  xxiv.  78. 

Pithecia,  xxv.  142 ;  Brain  of,  xxix.  296  ; 
XXX.  818 ;  Flexor  Brevis  Pollicis  of, 
xxii.  85. 

PithecuSf  Innervation  of  Lumbricalef* 
of  Foot  of,  XXL  579 ;  satyrus,  Super- 
numerary Kipple  in,  xxv.  241 ;  syn- 
dactylus,  Sternum  of,  xxiv.  538. 

Pituitary  Body,  Duplicity  of,  xxviii. 
29  ;  Hypertrophied  in  case  of  Acro- 
megaly, xxiv.  478. 

Placenta  of  Inutu  nemeatrinus,  xxvii. 
865 ;  of  Kangaroo,  xxvii.  875 ;  of 
Lemurs,  xxvii.  875  ;  of  Lower  Apes, 
xxviL  875 ;  of  Maeaeus  rhesus, 
Structure  of,  xxvii.  863  ;  of  Omitho^ 
rhynchw,  xxvii.  875 ;  of  Wpman, 
xxvii.  875. 

Placental  Connection  in  Perameles 
obesula  and  Festal  Membranes  of 
certain  Macropods  (Hill)  (Notice), 
XXX.  585  ;  Site,  Determination  of,  in 
Apes,  in  Hedgehog,  in  Rabbits,  in 


Hnminanta,  xxviL  878 ;  in  Haman 

Female,  xxvii.  874. 
Pkwntalia,    Brains    of,    zxviL    70; 

Clavicle  of,  xxL   194;  Saersm  in, 

xxvii.  549. 
Plaoentation     of     Ralicare     dugomg 

(Turner),  xxiiL  640,  641. 
Plagiostomata,   Olfactory  Nerves    in, 

xxviii.  894. 
Pkmaria,  Gseca  of,  xxv.  175. 
Planes  of  Delimitation  ai  Abdooian, 

xxvii.   257 ;   of  SubperitoDeal    aui 

Subpleural  Connective  'nssiie(ABder- 

son  and  Makins),  xxv.  78-86. 
Plantar  Arch  and  Flat-foot  (Humphry), 

xxi.  155-162  ;  Fascia,  xxviii.  155. 
PkUalea,  xxix.  22,  23. 
Platyknemia,  Index  of,  xxiv.  215-217 ; 

of  Man  and  Apes  Compared,  xxili. 

617  et  seq. ;  among  Panjabi,  xxriiL 

5. 
Plaiypodosaurus,  Obturator  Fonnnen 

in,  xxvii.  555. 
Platypus,  Brain  of,  xxx.  161  ti  9eq., 

ISB  et  acq,  ;  Organ  of  Jaoobson  ia, 

XXX.  70. 
Platyrrhini,  xxv.  142. 
PUttystoma,  xxix.    212,    404  ei  seq., 

550. 
Plautus,  xxlii.  5,  184,  406,  418 ;  xxiv. 

108. 
Pleetognathi,  xxix.  407. 
Plectostomus,  xxix.  529  et  acq,  ;  Air- 
bladder  in,  xxix.  212  el  acq, 
Plcuroneetidcej  xxix.  402. 
Pleuro-peritoneal  Cavity,  xxiv.  286. 
Plexus,  Anterior  Thoracic,  xxiv.   64  ; 

Auerbaoh's,  xxiii.  p.  vi;  Meissner's, 

XXIII.  p.  vi ;  Gangliosa,  xxix.  64. 
"Pli   de  Passage  BetrolimMqne "  of 

Broca,  xxii.  556. 
Plica  Gubematrix,  xxii.  605,  580. 
Plcttts,  Osteology  of,  xxiv.  181. 
Plovers,  xxix.  23  et  seq, ;  Osteology  of, 

xxv.  509  et  seg. 
Plumage  of  Simorhynehua  eriatatdlus, 

xxiii.  554. 

Pneumonia,  xxi.  259 ;  Blood  in,  xxv. 
487. 

Podica,  XX vi.  200 ;  xxix.  84. 

Podicepa  Skeleton  in,  xxiiL  81 ;  xxiv. 

170. 


DTDBX  TO  VOLS.  XXL-XXX/ 


65 


Podicipedes^  zziii.  8 ;  zxir.  169 ;  zxv. 

75 ;  zzTL  199. 
Podieipoideaand  OrinatoroidM,  Oateo- 

logical  Charaoters  of,  xxn.  201. 
PodilymbuB     podieeps,    zzvi     200 ; 
Otteology  of,  xdy.  170  tt  aeq, 

Podophthcdmia,  Cecal  Tabes  of,  zxv. 
178. 

Pogonias,  xziz.  220,  223  «e  t^.,  410, 
548. 

Poikiloblast,  zxv.  864. 

Poikilocyte,  xzy.  863. 

Poikilothermen,  zzii.  2. 

Poiaon  from  Frog,  zxviii.  96. 

Poland,  J.  VariationH  of  External 
Pterygoid  Mnecle,  zziy.  567-572. 

"Polar  Field, '»zziv.  275.  . 

Pole-cat,  Groat  Omentum  in,  zzz.  855; 
Muscles  of,  zziv.  74. 

PoUez,  Additional  Phalanz  in(Windle), 
zzri.  100-116 ;  Supenmmerary 
(Sutton),  xzvii.  p.  ziii ;  of  Anthro- 
poid Apes,  Short  Muscles  of  (Brooks), 
xzii.  78-95;  of  Parzana  earolina, 
zziz.  27. 

Polyaean6hu9,  xzix  138. 

Polydactyly,  zzvl  440  ;  zzviii.  26,  29, 
376 ;  zziz.  468;  Hereditary,  zzz. 
487 ;  in  Horse  (Struthers),  zzviii. 
56  ;  with  Polymastism,  xzv.  242. 

Polymastia,  zzv.  225  ;  zzviii.  81,  88  ; 
zziz.  467. 

Polynemus,  zziz.  126. 

Polyodon  foliumf  Soales  in  Integu- 
ment of  (Oollinge),  zziz.  485-487. 

Polyotia,  zzviiL  29. 

Polypi,  zzvi.  564. 

Polypterua,  Osteology,  etc.,  of,  zziz. 
118  6t  seq. 

Poly$permia,  zzvii.  415. 

Polyuria,  xxvi.  207. 

Polyzoa,  Meaenteron  of,  zzv.  175. 

Pomnm  Adami  of  Grey  Seal,  zzz.  494. 

Pons,  zzviii.  234;  Tracts  of,  zzvii. 
286. 

Popliteal  Space,  Abnormal  Arrange- 
ment of  Veins  about  (Davidson), 
zzv.  154. 

Porcupine,  Internal  Anterior  Thoracic 
Nerve  in,  zzii.  297 ;  Lateral  Cutane- 
ous Nerve  of,  zziii..  217 ;  Limb 
Piezases    in,    zzi.    612    et    teq.  ; 


Myology  of,  xzYi.  p.  z ;  Nerves  of, 
xziz.    87  ;    Ovary   of,    zzi.    175 ; 

.  Saoral  Plazas  of,  zziii.  292  $i  aeq.  ; 
Tree,  Hair-nerves  of,  zzvii.  229. 

Porencephaly  (Fraaer  h  Norman), 
xxviii.  p*  vi. 

Porpoise,  Brain  of,  zzv.  110  ;  Digits 
of,  zzviii.  59 ;  Larynz  of,  zziii. 
257 ;  Limb  Plezuses  in,  zzi.  620 ; 
Mammary  Gland  in  Gravid  (Hep- 
bum),  zzviii.  19 ;  Middle  Sacral 
Artery  in,  zzz.  600  ;  Peritoneum  of, 
zzz.  856 ;  Stomach  of,  zziii.  477 ; 
zziv.  189. 

Portio  Minor,  zziz.  18. 

Porzana,  zzii.  815  ;  zzix.  21 ;  earoUna, 
Osteology  of,  zziz.  21. 

Position  of  Epiglottis  in  Swallowing 
(Stoart  k  M'Cormick),  zzvi.  281- 
288;  of  Eidoeys,  Variation  in, 
zzviii.  202  ;  and  Peritoneal  Relations 
of  the  Mammalian  Ovary  (Robinson), 
zzi.  169-179. 

Possible  Sternalia  Muscle  in  Bathyer- 
gu$  marUimua  (Parsons),  xxix.  pp. 
zi-ziv. 

Post-condyloid  Foramina,  zzvi.  6. 

Posterior  Arch  to  Atlas,  zzvii.  529 ; 
Commissure  of  Vulva,  Anatomy  of, 
zzvii.  846,  847 ;  Crucial  Ligament 
of  Enee-joint,  Varieties  of  (Higgins), 
XXIX.  pp.  v-z ;  and  Wrisbeig's  Liga- 
ment, connection  of  Popliteus  Tendon 
with,  zziz.  570 ;  Lateral  Foramen 
of  Atlas,  zzvii.  532;  Opening  of 
Air-bladder  in  Clupeoid  Fishes, 
zzvi.  29;  Tibio-fibular  Ligament, 
XXIX.  p.  viii. 

Postero-horizontal  Fissure,  zzv.  131. 

Postero-median  Tract,  zxvii.  287. 

Post-glenoid  Process  of  Atlas,  zzvii. 
531. 

Post-minimuB,  zzix.  468. 

Post-pelvic  Band  of  Whale,  xxvii.  304. 

Post-splenial  Fissure,  xxv.  181. 

Posture,  Influence  of,  on  Form  of  Tibia 
and  Astragalus  (Thomson),  xxiii. 
616-689,  p.  XXV.;  xxiv.  210. 

Potash,  Action  of,  on  Milk,  xxix.  191. 

Potassium  Cyanide,  Absorption  of, 
from  Bladder,  xxi.  309 ;  Ferrocyanide 
Injected   into    Bladder,  xxi.    319; 
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Iodide,  Abaorption  of,  from  Bladder, 
xxi.  310 ;  Iodide,  Effect  of,  on  Reflex 
Excitability  of  Spinal  Cord,  xxvL 
885 ;  Iodide,  Elimination  of,  by 
Kidneys,  xxL  809 ;  Nitrite,  Action 
of,  xxii.  357 ;  Action  of,  on  Non- 
striped  Muscle,  xxiv.  204 ;  Oxalate, 
Action  of,  on  Milk,  xxix.  191 ;  Salts, 
Effects  o^  on  Reflex  Excitability  of 
Spinal  Cord,  xxvi.  8S0. 

Potter,  H.  P.  Obliquity  of  Arm  of 
Female  in  Extension.  Relationr  of 
Forearm  with  Upper  Arm  in  Flexioni 
xxix.  488-491. 

Poach  of  Douglas,  Smbdivision  of,  into 
Three  Fosste,  xxvii.  557,  568* 

Poupart's  Ligament,  xxviii.  151. 

Pnepollex,  xxn.  114  ;  xxix.  468. 

Prse-sylvian  Fissure,  xxv.  128,  218, 

Pre- aortic  Plexus,  xxix.  65. 

Precis  de  Teratologic  Anomalies  et 
Monstrosity  chez  I'homme  et  chez  lea 
Animaux  (Guinard)  (Notice),  xx?iL 
428. 

Preclavicular  Acromial  Angle,  xxWi. 
247  ;  Margin  of  Acromion,  xxrii. 
245. 

Pregnancy,  Anatomy  of,  in  Macoius 
rhesus  (Hart  k  Gulland),  xxvii. 
361-376. 

Preliminary  Observations  on  some 
Changes  caused  in  Nervous  Tissues 
by  Reagents  commonly  employed 
to  harden  them  (Donaldson), 
(Notice),  xxviii.  880. 

Preparation  of  Bones  by  Burial  in 
Sand  (Cleland),  xxv.  p.  xvii 

Preparations,  Glass  Bottles  for 
(Buchanan),  xxvii.  p.  vii. 

Pre-pelvic  Band  of  Whale,  xxvii.  815. 

Prepuce,  Valves  on  Inner  Surface  of, 
xxix.  467. 

Preputial  Opening  of  Megaptsra,  xiu 
116. 

Presidential  Address  to  Anatomical 
Society  (Cunningham),  XXYIII.  p.  ii 

Pressure  Changes  and  Occupation 
(Arbuthnot  Lane),  xxi.  885-406; 
Sores  in  Microcephalic  Idiot,  xxviii 
442. 

Previous  Sire,  Influence  of  (Bell), 
259-274. 


Primar-Forohen,  zxv.  p.^ 

Primates,  xxix.  429 ;  Brain  of,  xxv. 
126 ;  Sylvian  Fissiire  and  Island  of 
Reil  in  (Cunningham),  xxv.  286- 
291 ;  Heart  of,  xxiiL  258  ;  Higher, 
Variation  in  Manubrium  Stemi  of 
(Keith),,  zxx.  275-279  ;  tntra-Dsrisl 
Epiglottis  in,  xxiii.  587  ;  Larynx  ol^ 
xxiii.  267;  Theory  to  Aooonnt  for 
Various  Arrangements  of  Flexor 
Profundus  Digitorom  in  Hand  and 
Foot  of  (Keith),  xxviii.  335-339. 

Primordial  Utricle,  xxiv.  268.  ' 

Pringle,  J.  H.  Congenital  Absence  of 
both  Ulns,  xxvii.  289-244. 

Frionotus,  Swimming  Bladder  in, 
xxix.  127. 

Prisms  for  Squints,  xxL  38. 

Proamnion,  Fate  of,  xxiv.  15 ;  and 
Amnion  in  Chick  (Shore  and  Picker- 
ing), xxiv.  1-21. 

Probossideat  Brain  of,  xxv.  125  ;  Intra- 
narial  Larynges  in,  xxiii.  266 ; 
Muscles  of,  xxiv.  76. 

Probyn- Williams,  R.  J.  Unusoal  Mal- 
formation of  Heart,  xxviii*  305- 
808. 

Proearius  eynoeephalus.  Muscles  of, 
xxii.  545. 

Proceedings  of  the  Anatomical  Sodetj 
of  Great  Britain  and  Ireland^  xxiL- 
XXX.;  of  Scottish  MioroBOopical 
Society,  xxv.  pp.  i-xxL 

ProceUariidm^  xxiii  7, 35  (note) ;  xxiv. 
118. 

Processes  of  Occipital  and  Mastoid 
Regions  of  Skull  (Comer),  xxx.  386- 
389. 

Processus  Articularis  Atlantis,  xxvii. 
527  ;  Vaginalis  Testis,  xxii.  515,  540. 

ProchUus  linecUus,  xxix.  528. 

Procyon,  Muscles  in,  xxiv.  80  ;  eancrv 
voTuSt  Limb  Myology  of  (Windle), 
xxiii.  81-69 ;  lotor^  Hair-nerves  of, 
xxvii.  229  ;  Ovary  of,  xxi.  174. 

Prosehidna  brwjniiy  Vertebral  Formula 
of,  xxvii.  548  (note). 

Projection  Drawings  of  Bnin  (Wilson), 
xxviii  228-285. 

Pronephros,  xxi,  655  ;  xxii.  89. 

Properties  of  Proteid-hydioehloride, 
xxvii  199. 
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PropUhecuB  diddmna,  Skull  of,zzz.887. 

Prorean  Convolutioii,  zx7.  ISO. 

ProHmicB,  MoBcles  of,  xzir.  78. 

Prostate,  Abflence  of,  xziz.  405 ;  An- 
atomy of  (Griffiths),  zxiU.  874-886, 
p.  zvii ;  its  Enlargement  or  Hyper- 
trophy (Griffiths),  xidv.  236-246  ; 
First  or  Glandular  Stage,  241 ;  Second 
or  Fibrous  Stage,  242;  Function 
of  (Griffiths),  xxiv.  27-41 ;  Morpho- 
logy of  (Moullin),  xzix.  201-204  ;  in 
Eunuchoid  Persons,  zzviii.  228  ;  of 
Risso'6  Dolphin,  zzvi.  267. 

Proteid-hydrochloride,  Properties  of, 
xzyii»  195  et  seq.  ;  Molecule,  ixvi. 
409  ;  zzyii.  208  ;  Action  of  Mastitis 
Bacillus  on,  xxv.  575  ;  Diffusion  of 
Different,  xxvii.  215  ;  Gastric  Diges- 
tion of  (Gillespie),  xxvii.  195. 

Protelea^  Anatomy  of,  xxiii.  90  ei  seq,, 
IB7  et  seqk,. 

ProUue,  Digital  Joints  of,  xxviii.  844  ; 
Olfactory  Organ  of,  xxviii.  889 ; 
Syndesmosis  in,  xxiii.  509 ;  Tem- 
perature of,  xxv.  877. 

Protista,  xxiv.  271. 

Protocatechuic  Acid,  xxiii.  69. 

Protohyldbates,  xxix.  480.. 

Protopteru»,  xxix.  113  (note)  et  seq,  ; 
Cential  Nervous  System  of,  xxvii. 
290. 

Prototheria,  xxvi.  871  ;.  Anatomy  of, 
XXX.  466  et  seq.  ;  Brain  of,  xxx.  158, 
185  et  seq. 

Protozoa,  xxiv.  277. 

Pseudaroides,  xxix.  116,  404, 550  ;  Air- 
bladder  in,  xxix.  212. 

Pseudobaqrus,  xxix.  112. 

Pseudohermaphroditism,  xxx.  462. 

Psophia,  xxix.  22,  26. 

Psychomotor  Centres,  xxv.  218. 

Pterion  in  Different  Races  of  Men 
(Thomson),  ^ucii.  p.  xxvii ;  Size  6f, 

XXVI.  /. 

Pterodidce,  xxix.  24. 

Pterodactyls,  xxvii.  842. 

Pterois,  xxiv.  419  (note) ;  xxix.   528 

(note). 
PUromys  volans,  Gluteus  Quartus  in, 

xxii.  552. 
Pterophorus,  xxiii.  590. 
PtmropuB,  Axillary  Mamma  of,  xxv. 


248 ;    Brain   of,    xxv.    107,    115'; 

Absence  of  Middle   Sacral   Artery 

in,  xxx.  500  ;  Absence  of  Organ  (^ 

Jacobson  in,  xxx.  70 ;  Muscles  of, 

xxiv.  78. 
Pterygo-spinous  Ligament,  Frequency 

of  Ossification  of,  and  its  Relation  to 

Branches  of  Inferior  Maxillary  Nerve, 

xxviii.  63,  66,  67. 
Ptychoramphus   cUeuticus,    xxiii.    4 ; 

Osteology  of,  xxiii.  587  ;  xxiv.  110. 
Piyehosiagum,  xxvi.  405. 
Pubic  Hair   Tufts,  possible  Obsolete 

Function  of  (Robinson),  xxvi.  254. 
Pubo-prostatico-vesical  Set  of  External 

Layer  of  Bladder,  xxv^  588.. 
Puecima  graminis^  xxi.  249.. 
Puce   Iron-pigmented    Renal    Calculi 

(Sharp),  xxviii.  447,  448. 
Puffin,  xxiii.  4,  88,  545  ;  xxiv.  89  ;  xxv. 

75. 
Pulmonary  Artery,  Abnormal,  xxi.  98  ; 

Valve     with     Accessory    Segment 

(Campbell),  xxx.  847,  848. 
Pake-curves,  xxiv.  446  ;  Mechanism  of, 

XXII.  p.   xiii ;  Tracings-  of  Cardiao 

Neurotic,  xxiiL  585 ;  Wave^Velooity 

of,  xxiv.  484. 
Puma,    Temporo-maxillapy   Plate   of, 

xxiv.  875. 
Pnigab  Tribes,  Gtaniology  and  Cranir' 

ometry  of  (Charles),    xxvii.   5-20 ; 

Craniometry  of  Outcaste  Tribes  of 

(Charles),  xxvi  1-25  ;  Oblique  Intfir- 

osseous,   Radio-ulnar  Ligament  in, 

xxx.  505,  506. 
Pupil  in   Chloroform  Administration; 

(Neilson),  xxii.  154-171. 
Puppies,  Ligation  of  Spermatic  Vessek* 

in,  XXX.  96  ;  Temperature  of  Newly- 

bom,  xxv.  888 ;  Tendo-Achillis  of, 

xxviii.  415. 
'  Purkii^e's  Cells,  xxv.  451. 
Putamen  of  Lenticular  Nucleus,  xxviii. 

282,  288. 
PtUorius  fcetidus.  Omentum  in,  xxx. 

855 ;   vison,    Gustatory    Apparatus 

of,  xxiii.  205. 
Pye,  W.    On  the  Growth-rate  of  the 

Bones  of  the  Lower  Extremities,  with 

Especial  Reference  to  Ricketty  Cnr^ 

vatures,  xxiii.  116-129. 

H 
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FygocetUrus,  xxix.  421 ;  piraya,  zziz. 
520  ;  malusy  zxriii.  83. 

fygopctguB,  xxvii.  417 ;  Anatomy  of, 
zzz.  467. 

I^ygopodes,  zziiL  8  ;  zxiv.  169  et  8eq,, 
648  et  seq.:;  xzv«  74  ;  zzix.  84  ;  Affini- 
ties of,  xzvi  202  ;  Osteology  of,  xxv, 
024  ;  Tsconomy  of  North  American 
(Shafeldt),  zxvi.  199. 

Pygostyle  oflMhyomu,  zsrii.  841. 

Pylorus,  Peoaliar  (Melsome),  xxiz.  p. 
zxvi. 

ih^ramidal  Traet,  Topography  of 
(Sherrington),  xxiiL  p.  xvii ;  Tracts, 
snrii  287  ;  Tracts  of  certain  Rodents 
(Fraser),  xxiv.  p.  ii 

Pyriform  Lobe  of  Gerebram,  xzz.  161 ; 
Lobe  of  OmUharhynehua,  zzx.  468. 

Pyrocatechio,  zxiii.  69. 

Python,  Temperature  of,  zxv.  878. 

Pyxis,  XXL  19  ;  arachnoideSf  Scoliosis 
in,  xxiii.  297. 

QVADRILATXRAL    SpACB    OF     BfiAIX, 

.  108. 


^adrumana,    xzWi     121 ;    Internal 

Tibio-metatarsal  Ligament  of,  czyiii. 

168 ;  Scarpa's  Fascia  in,  zxviiL  161 ; 

Skulls  of,  xzy.  469. 
Quadruple  Embryo,  xxviii.  878. 
Qnagga  and  Mare,  Breeding  of,  xzz. 

259. 
Quain's  Elements  of  Anatomy  (Schafer 

k  Thane),  10th  Ed.  (Notice),  xxvl 

578. 
Quaternary  Man,  Bones  of,  xxviii  4. 
Quinine  Sulphate,  Action  of,  on  Non* 

striped  Muscle,  zxiv^  206. 
QtUKalus,  xxii.  809  it  ssgc. 

Babbit,  Abnormal  Development  of 
Ctonito-nrinary  System  ^of  (Latter), 
xxiii.  660;  Abnormal  Reprodnctivo 
Organs  in,  xxviiL  404;  Abnormal 
flubclarian  Artery  in  (Smith),  xxv. 
d25,  826;  Action  of  Ooraiioe  on, 
xiT.  42  €t  8eq»  ;  Alimentary  Canal 
of,  xxiv.  196 ;  Aorta  of,  Experi- 
ment with,  xxiv.  446 ;  Atrophic 
Embryo  of,  zxvii.  415;  Badc- 
bone  of,  having  a  Free  Lumbar 
Rib  (Howes);  xxvi.  pp.  ii-v ;  Brain 


of,   xxv.  108;  zxvii.    70;  xxx.  1, 
157 ;  Oervical  Sympathetic  of,  xxiz. 
101;    Determination   of    Flaoental 
Site  in,  xxvii.  378  ;  Dorelopmentof, 
xxiv.  2,  286 ;  Earliest  ReUtJoea  of 
Reproductive  and  Urinary  Organs  of, 
xxd.  465 ;  Experiments  on  Embryos 
of,  zxvii.  448 ;  Epiglottia  of^  xxiiL 
613  ;  Hair-nerves  of,  xxviL  228, 231; 
with  Intra-narial  Epiglottia  (HowesX 
xxiiL  268-272,  pw  viii ;  Limb  Plex- 
uses of,  xxL   618;   Liver  o^   xxv. 
186 ;  xxvii.   107  ;    Maseolatnre  of, 
xxiiL  209  et  seq.  ;■  Organ  of  Jacobson 
in,  xxvL   878 ;  Osteology  of,   xxx. 
508  ;  Ovary  of,  xxL  171,  172,  174, 
178 ;  Pelvic  Girdle  o^  xxviL   550 ; 
Peritoneum  of,  xxx.  858 ;  Prolongs 
tion  of  Body  Cavity  into  Somite  in, 
xxi.   646 ;    Respiratory   Organs    o( 
zxiii.  235  ;  Sacral  Plexos  of,  xxiiL 
292;   Scapula  of,  xxL    190;    with 
fiingle   Kidney,    Urino-genital    and 
Blood-vascular  Systemsof  ( H«rri8on ), 
xxviiL  401-407 ;  Stomach  o^  xxviL 
93;    Taste    Bulbs    of,    xxiF.     86; 
Undescended  Testide  in,  xzii.    pu 
xxi ;  Action  of  Nitrite  of  fiodiam  on, 
xxii.  231 ;  Crania  of  {Howes),  xxir. 
p.  xvii;  Experiments  on,  xxx.  40; 
Experiments  on  Blood  of,  xxv.  496  ; 
Pyramidal  Tracts  of,  xxiv.  p.  iii ; 
Temperatnre  o(  xxv«  380  et  mq. 
Raccoon,    Hair-nerves    of,  xxviL   229 
et  8eq, ;  Ovary  of,  xxL   174,  175 ; 
canervoonu,  Muscles  of,  xxii.  545. 
Races,    Differences    in    Structure    in 

Different  (Tnrner),  xxL  473-495. 
Rachischism  in  Anencephalons  Fcetns. 

xxviii.  37L 
Racial  Variation  in  Length  of  Palate 
Process  of  Maxilla  (Eichholz),  xxvi. 
538-642,  p.  xxiv. 
Radio-carpal  Articulation  (Shepherd )» 

xxv.  349-861. 
Radio-nlnar  Ligament,  Obliqne^  Mor- 
phology of  (Fawcett),  xxix.  494-497; 
of  Monkeys,  zxviiL  162. 
Rahon,  J.  Recherchea  ear  lee  Oase- 
ments  Humains  anciens  et  prshis- 
toriques  en  voe  de  la  Beoonstitiition 
de  la  Taille  (Notice),  xxix.  142,  144. 
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£aia,  Ner^ons  System  of,  zziii.  428 ; 
Vagaa  in,  zxii.  874 ;  batis.  Kidney 
of,  zziv.  419 ;  davatat  Measure- 
ments of  Kidneys  of,  xxiv.  409 ; 
Variation  in  Kidney  of  (Howes), 
xxiv.  407-422,  p.  xiv ;  Kidney  of, 
xxiv.  413,  419. 

Rail,  xxii.  315. 

Rails,  Cranes,  etc.,  Osteology  and 
Affinities  of  (Shnfeldt),  xxiv.  175  ; 
xxix.  21-84. 

Rainy,  H.  Unnsual  Arrangement  of 
Psoas  Muscle,  xxiii.  504. 

Sana,  Temperature  of,  xxv.  877  ; 
Vagus  in,  xxii.  876 ;  xxiii.  42d ; 
Action  of  Benzoyl-Ecgonin  on,  xxi. 
47  ;  Action  of  Curarine  on,  xxiv. 
881,  404 ;  xxvii.  406  ;  Experiments 
with  Ova  of,  xxiii.  893  ;  xxvii.  415 ; 
Multiple  Forms  in,  xxvii.  416 ; 
Abnormal  Reproductive  Organs  in, 
xxiv.  869-872 ;  Anterior  Abdominal 
Vein  in,  xxx.  212 ;  Experiments  on 
Reflex  Excitability  of  Cord  in,  xxvi. 
876 ;  Experiments  with  Stomach 
of,  xxiv.  198  ;  Hermaphroditism  in 
(Smith),  xxiv.  218,  219;  Lethal 
Dose  of  Curara  for,  xxviii.  99. 

Randbogen  of  Schmidt,  xxiv.  810. 

Ranuey,  A.  L.  Lectures  on  Nervous 
Diseases  from  the  Stand-point  of 
Cerebral  and  Spinal  Localisation 
(Notice),  xxiv.  611. 

Ranvier's  Alcohol,  xxiv.  162 ;  Crosses, 
xxiv.  607. 

Rapidity  of  Coagulation  of  Albumen, 
xxiv.  289. 

Rire  Form  of  Parasitic  Fcetus  (Parsons), 
xxx.  p.  ii ;  of  Transversns  NuchsB 
(Clarke),  xxiii.  p.  xxiv ;  Rat,  Brain 
of,  xxx.  157  ;  Development  of  Spinal 
Nerves  in  Embryo  of,  xxi.  630 ; 
Embryo,  Facial  and  Glosso-pharyn- 
geal  Nerves  of,  xxix.  p.  xxxii ;  Hair- 
nerves  of,  xxvii.  228  ;  Limb  Plexuses 
of,  xxi.  618 ;  xxiii.  292  ;  Lungs  of, 
xxiii.  224 ;  Marrow  of,  xxiv,  164  ; 
Mitosis  in,  xxiv.  603  ;  Ovary  of,  xxi. 
176,  178  ;  Pyramidal  Tract  of,  xxiv. 
p.  ii ;  Spermatozoa  of,  xxiv.  166  ; 
Temperature  of,  xxv.  383  ;  Yolk-sac 
in,  xxvi.  808. 


Ratel,  Brain  of,  xxiL  560  ;  xxv.  131. 

Hatitc^  Foot  of,  xxiii.  243. 

Raven,  White-necked,  xxii.  820. 

Rays,  Kidneys  of,  xxiv.  407. 

Razor-back  Whale,  Carpus  of,  xxix. 
159;  Rudimentary  Hind-limb  of. 
Compared  with  those  of  Hump-back 
Whale  and  Greenland  Right-whale 
(Struthers),  xxvii.  291. 

Rizor-bill.     See  Auk. 

Reaction  of  Milk  and  its  Coagulability 
xxix.  191. 

Receptaculum  Serainis,  Abnormal,  in 
Arion  cireumseriptus,  xxvii.  238. 

Recording  Apparatus  for  Practical 
Physiology  Classes  (Caton),  xxii. 
108-106. 

Rectal  Foasa  of  Whale,  xxvii.  304. 

Recto-vesical  Set  of  External  Layer  of 
Bladder,  xxv.  588. 

Rectum,  Irritability  of,  xxviii.  463; 
Topography  of  (Michell),  xxvi.  pp. 
xxi-xxiii ;  of  Anencephalous  Foetus, 
xxx.  251 ;  of  Olobioeephalus  melas, 
xxvi.  261 ;  of  Grey  Seal,  xxx.  492  ; 
of  Risso's  Dolphin,  xxvi.  261 ;  of 
Tuberculous  Snake,  xxiii.  648 ;  and 
Anus  (Symington),  xxiii.  106-115. 

JUcurvirostray  xxix.  22,  89. 

Red-blindness,  xxx.  118. 

Red  Glands  in  Swim-bladder  of  certain 
Fishes  (Vincent  &  Barnes),  xxx.  545- 
558. 

Red-green  Blindness,  xxx.  118. 

Red-shouldered  Blackbirds,  xxii.  309. 

Redundancy,  xxviii.  26,  81 ;  in  Limbs, 
xxviii.  29. 

Reflex  Actions  in  Frog,  xxvi.  875 ; 
Cardiac  Inhibition,  xxi.  6  ;  Excita- 
bility of  Spinal  Cord,  Effect  of 
Certain  Drugs  on  (Stirling),  xxvi. 
875-^90. 

Regions  of  Abdomen,  Delimitation  of 
(Cunningham),  xxvii.  257-278,  p. 
xviii ;  (Smith),  xxvii.  285 ;  of 
Abdomen,  Plea  for  Uniformity  of 
Delimitation  of  (Andersou),  xxvi. 
548-547,  p.  xxi. 

Reid,  R.  W.  Deficiency  of  the  Left 
Half  of  a  Dorsal  Vertebra,  xxi.  76^ 
78 ;  the  Anterior  Belly  of  the 
Digastric  Mtiscles,  of    both    sides, 
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axising  from  the  Lower  Border  of 
the  Horizontal  Ramus  of  the  Inferior 
Maxillary   Bone,    xxi.    78 ;    Three 
Cases   of  Malformed   Utenxs,    xxi. 
832  ;  Relations  between  the  Snper- 
fidal  Origins  of  the  Spinal  Nerves 
from  the  Spinal  Cord  and  the  Spinoos 
Prooesses  of  the  Yertebne,  xxiii.  841- 
358,  p.  ix ;  Sapra-clavicular  Mnsde, 
xxiii.  353  ;  Female  Subject,  showing 
Cervical  Ribs,  xxiv.   p.  iii;  Fifth 
Lumbar  Vertebra,  showing  Persist- 
ence on  both  sides  of  a  Suture  in  the 
Neural  Arch  between  the  Upper  and 
Lower  Articular  Processes,  xxiv.  p. 
iii ;   Calvaria  of  a   Tumbler,   from 
Sir  Astley  Cooper's  Collection  in  St 
Thomas'  Hospital  Museum,  zxiy. 
p.  iv. 
Relation  of  Dura  Mater  surrounding 
Inferior  MaxillaryNerve  to  Temporo- 
maxillary    Articulation    (Fawcett), 
xxvii.   179,  180  ;  of  Forearm  with 
Tipper  Arm  in  Flexion  (Potter),  xxix. 
488-491 ;  of  Head  Amnion  Fold  to 
Cranial  Flexure,  xxiv.  18 ;  of  Meso- 
nephros  to  the  Suprarenal    Bodies, 
xxii.  471 ;  of  Optic  Nerve  to  Optic 
Stalk,  XXX.  326  ;  of  Proteid  Molecules 
to  one  another,  xxvii.  208  ;  of  Retina 
to  Brain,  xxx.  381 ;  of  Vas  Deferens 
and  Spermatic  Vessels  to  Processus 
Vaginalis,  xxii.  538  ;  of  Reproductive 
and  Urinary  Organs  of  the  Rabbit, 
xxii.    465 ;    Earliest     of     Human 
Reproductive   Glands   and  Urinary 
Organs,  xxii.  468  ;  of  Dentary  Ar- 
cades  in   Australian   Crania,    xxv. 
461-472,     p.    xvii ;-  of   Origins  of 
Spinal  Nerves  to  Spinons  Processes 
(Reid),  xxiii.  841-353 ;  of  Peritoneum 
to    Descending    Colon   in    Human 
Subject  (Symington),  xxvi,  630-637, 
p.  xxi ;  between  Saperficial  Origins 
of  Spinal- Nerves  and  Spinous  Pro- 
cesses, XXIII.  p.  ix ;  between  Weight 
of  Brain  and  its  Parts,  and  Stature 
and  Mass  of  Body  in  Man  (Marshall), 
xxvi.  445-500. 
Renal  Calculosi  Enormous  (Yeoman), 
xxx.  527-629 ;  Vessels,  Abnormal* 
ities  of,  zxviiL  208;  and  Kidney, 


Absence   of,   on    one    Slide, 
18. 

Rennet,  Temperature  of  Action  of,  xxix. 
193. 

Rennin,  xxix.  191. 

Ronzi,  H.  C.  de.  Abnormality  of 
Heart  and  Great  Vessels,  xxiii.  pu 
xxiii. 

Repair  of  Bone  and  Transplantation, 
etc.  (MHlregor),  xxvi.  220-2S0. 

Reports  of  Committee  of  CollectiTe 
Investigation  of  Anatomical  Socie^ 
(Thomson),  xxv.  89-101 ;  xxvL  76- 
93;  xxviL  183-194;  xxvii.  6^76; 
xxix.  85-60 ;  on  Recent  Terato- 
logical  Literature  (Windle),  xxv. 
438-442;  xxvii.  415-427;  xxviiL 
870-379  ;  xxix.  488-470  ;  xxx.  451- 
464. 

Reproductive  Apparatus  of  the  Male  of 
the  Green  Ldzard  (Howes),  xxi.  185- 
189  ;  Glands,  Human,  Earliest  Rela- 
tions of,  xxiL  468;  Organs,  Abnormal, 
in    Frog    (Latter),    xxiv.   869-373; 
Abnormal,  in  Rabbit,  xxviii.    404  ; 
Male,   Absence  of,   in    Hermaphro- 
dite Molluscs,  xxvii.  237,   238  ;   of 
LtunhrumSf  of  PeriehcBta^  xxii.  9  ; 
of    Rabbit,    Earliest    Relations    of^ 
xxii.  465;   of  Tuberculous  Snake, 
xxiii.  643. 

BeptUiaf  Anatomy  of,  xxx.  p.  iv; 
Aortic  Arches  of,  xxi.  367  ;  Arterial 
Roots  in,  XXIX.  p.  xvii ;  Auditory 
Ossicle  in,  xxix.  417  ;  Dicynodontoid 
Shoulder-girdle  in  (Howes),  xxvi. 
403-405 ;  Embryos  of,  xxvii.  416 ; 
Gastrocnemius  of,  xzviiL  415  ;  Hind 
Limb  of,  xxiiL  295  ;  Mnscles  of  Hind 
Limbs  of,  xxvi.  44  ;  Pelvic  Girdle  of, 
xxi.  866 ;  Peritoneum  of,  zxx.  856  ; 
Scoliosis  in,  xxiii.  297  ;  Temperatare 
of,  xxv.  877  ;  Thyroid  in,  xxvii.  161. 
Research  into  Nature  and  Action  of 
Enzymes  Produced  by  Bacteria 
(Macfadyen),  xxvi.  409. 
Resistance  of  Urethra  to  Outflow  of 

Urine  from  Bladder,  xxix.  260. 
Respiration,  Effect  of  Nitrite  of  Sodium 
on,  xxii.  288 ;  Effect  of  Nitroglycerine 
on,  xxii.  368 ;   Slowing  and  Arrest 
of,  from  Stimulataon  of  Olfactory 
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Tract,  XXX.  24  ;  in  New-bom  Chil- 
dren (Sutton),  XXIII.  p.  Tiii. 

Respiratory  Apparatus,  Suggestion 
concerning  Phylogeny  of  (Howes), 
xxiii.  263-272  ;  Organs  of  Bisso's 
Dolphin,  xxvL  259  ;  System  of  Grey 
Seal,  XXX.  494. 

Retained  Testes  in  Man  and  in  Dog 
(Griffiths),  xxTiii.  209  ;  Views  regard- 
ing State  of,  xxTii.  495. 

Rete  Mirabile  in  Skin  of  Hedgehog, 
xxviL  170,  171 ;  Testis,  Cysts  of, 
xxriii.  116. 

Retention  of  Urine,  Nalnral,  xxix.  266. 

Retina,  Blood-vessels  of,  with  a  Method 
of  Preparation  for  Lantern  Demon- 
stration (Musgrove),  xxvi.  245 ; 
Blood-vessels  and  Lymphatics  of, 
XXVI  I.  p.  ix  ;  Modes  of  Demon- 
strating Relation  of  two  sides  of, 
to  Outer  World  (Stuart),  xxv.  298  ; 
Relation  of,  to  Brain,  xxx.  831. 

Retinacnla  of  Weitbrecht,  Function  of 
(Fawcett),  xxx.  58-68. 

Retro-bulbar  Neuritis,  Pathology  of 
(Turner),  xxiv.   504-508. 

Retrodavicular  Acromial  Angle,  xxvii. 
247. 

Retroflection  of  Trunk  with  Ectopia 
Yiscemm  and  Spina  Bifida  (Bryce), 
xxix.  553. 

Retro-peritoneal  Hernia,  Fossse  round 
Ofecnm  and  Position  of  Vermiform 
Appendix  in  Reference  to  (Lockwood 
ft  RoUeston),  xxvi.  180. 

Retzius,  G.  Biologische  Untersuchun- 
gen,  neue  Folge  ii.  und  iii.  (Notice), 
xxvi.  577. 

Rhesus  Monkey,  Nerves  of  Hair  of, 
xxvii.  231 ;  Temperature  of,  xxv. 
879. 

Rheumatic  Arthritis,  xxi.  62. 

Rheumatism,  xxi.  259. 

Rhinencephalon,  xxv.  106. 

Rhinoceros^  Brain  of,  xxv.  184 ; 
Osteology  of,  xxviiL  240  et  seq,\ 
xxx.  504;  Testes  in,  xxviii.  209; 
indicus^  xxv.  184  (note) ;  Ovary  in, 
xxi.  178 ;  tiehorinu8f  xxix.  426 ; 
Sumatran,  xxv.  184  (note). 

RhinoehetidcB,  xxix.  25.   . 

Rkinoe?ietu8j  xxix.  22  et  acq. 


Rhinodoras,  xxix.  211,  421,  526. 
Rhi-nolcphidm,  Mammse  of,  xxv.  234. 
Rhjfnehocyon,  xxv.  114  (note). 
Rhynehopid<iB,  xxiv.  543  ;  xxvii.  338. 
Rhynehops,  xxviL  387. 
Rhynoobdelta,  xxix.  138. 
Rhythmical  Variations  in  Tonicity  of 

Bladder  Wall,  xxix.  254. 
Ribs,  Cervical  and  Rudimentary  First 

(Hertslet  ft  Keith),  xxx.  562-567. 
Rickets,  Causation  of  Curves  in  (Lane), 

xxiL  15 ;  Curvatures  and  the  Rate 

of  Growth  of  Bones  (Pye),  xxiii.  116. 
Rider's  Bone  (Struthers),  zxii.  p.  xi. 
Ride  wood,  W.  G.    Air-bladder  and  Ear 

of  British  Clupeoid  Fishes,  xxvi.  26- 

42. 
Right-handedness,  Relation  of  Eighth 

True  Rib  to    (Cunningham),  xxiv. 

127. 
Ring-bill,  Common,  xxv.  68. 
Risley,  H.   H.    Tribes  and  Castes  of 

Bengal  (Notice),  xxvi.  277. 
RUsa,  Osteology  of,  xxiv.  544  ;  xxv;  60 

et  8eq,f  513  et  seq, 
Rita,  xxix.  211,  402. 
Robertson,  W.   F.    New  Methods  of 

Imbedding    Fresh    and    Hardened 

Tissues,  xxiv.    280. 
Robinson,  Arthur.     On  the  Position 

and    Peritoneal    Relations    of    the 

Mammalian  Ovary,  xxi.  169  ;  on  the 

Anatomy  of  Hyasna  striata^  xxiii. 

90, 187  ;  Observations  on  the  Earlier 

Stages  in  the  Development  of  the 

Lungs  of  Rats  and  Mice,  xxiii.  224  ; 

Nutritive  Importance  of  Yolk-sac, 

xxvi.  308  ;  Formation  and  Structure 

of  Optic  Nerve,  and  its  Relation  to 

Optic  Stalk,  xxx.  319. 
Byron.   Studies  in  Peritoneum  : 

its  Arrangement  in  Animals,   xxx. 

849. 
L.    Possible  .Obsolete  Function 


of  Axillary  and  Pubic  Hair  Tufts  in 
Man,  xxvi.  254. 
Rodewtm^  Arteries  of,  xxviii.  408 ; 
Brain  of,  xxv.  109 ;  Foot  of,  xxiii. 
245  ;  Gastrocnemius  of,  xxviii.  414  ; 
Heart  of,  xxiii.  253 ;  Intra-narial 
Larynges  in,  xxiii.  266  ;  Muscles  of, 
xxiv.  76  ;.  Oi^n  of  Jacobson  in,  xxx« 


102 


INDEX  TO  VOIA  XXL-XXX. 


78  ;  Oyary  in,  zzi.  178 ;  Pannicnlas 
in,  xzYii.  506 ;  Papilla  Foliata  of, 
zxii.  499 ;  Pelvis  of,  zzix.  p.  zzrii ; 
Points  in  Myology  of  (Parsons), zxvi. 
pp.  x-ziii ;  Pyramidal  Tracts  of 
(FraseT),  zziv.  p.  ii ;  Bednotion  of 
Suprasternal  Bone  to  a  Ligamentons 
Condition  in,  xxtH  284;  Yolk-sac  in, 
xxvi.  808 ;  Imedivora  and  Cami- 
vorOf  Homoplasty  of  Brain  of  (Mann), 

.  XXX.  1-85. 

Roe-deer,  Antlers  of,  xxvii.  p.  ii. 

Bolandic  Angle,  xxt.  19 ;  Fissure, 
zxiii.  p.  xiv  ;  Abnormality  of  (Lock- 
wood),  XXIII.  p.  xvi. 

Roller's  Small  Celled  Nadeos  of  Hypo- 
glossal Nerve,  xxix.  8. 

Rolleston,  H.  B.  Some  Abnormali- 
ties of  the  Muscles  of  the  Upper 
Limb,  xxi.  828 ;  Abnormal  Vascular 
Supply  to  Liver,  xxiv.  182 ;  Abnor- 
malities around  Oecum,  xxiv.  p. 
xix  ;  Abnormal  Arrangement  of  Ileo- 
ceecal  Portion  of  Intestine,  xxv.  87  ; 
Rudimentary  Valve  Segment  between 
Right  and  Posterior  Pulmonary 
Valves,  xxv.  p.  xvii ;  Situation  of 
Vermiform  Appendix,  xxv.  p.  xviii ; 
Fossee  round  Cseoum,  and  Position  of 
Vermiform  Appendix,  with  Special 
Reference  to  Retro-peritoneal  Hernia 
(Lockwood  k  Rolleston),  xxvi.  180 ; 
Anatomy  of  Suprarenal  Bodies,  xxvi. 
548-558,  p.  xxi ;  Livers  with  Anoma- 
lous Lobulation,  xxYii.  p.  xxxi ; 
Duodenal  Pouches,  xxviii.  pp.  vi, 
xii ;  Band  in  Left  Auricle  of  Heart, 

XXX.  p.  V. 

Rorqual,  Rudolphi's,  Carpus  in,  xxix. 

161. 
Rosenmttller's  Organ,  xxii.  72. 
Rostrum  of  Razor-bill,  xxiii.  85. 
Botiferaf  Mesenteron  of,  xxv.  175. 
Roughton,  E.  W.    SternaUs  Muscle, 

XXIV.  p.  xiv. 
Rouhamon,  xxvii.  405. 
Boux's   Method   of    Destroying    one 

Sphere  of  Frog*s  Ovum  with  Heated 

Needle,  xxx.  454. 
Rowland,  S.  D.    Variations  in  Foramen 

Ovale  of  Sheep's  Heart,  xzviii  809. 
RUckstosswellen,  xxiv,  450, 


Ruddy  Ichneumon,  Tendo-achillis  of, 
xxviii.  416. 

Rudimentary  Hind-limb  of  a  Great 
Fin-whale  Compared  with  those  of 
Hump-back  Whale  and  Greenlaiid 
Right-whale  (Stmthers),  xxvii  291- 
885  ;  Lower  Jaw,  with  Teeth-germSy 
xxviii.  28 ;  Metacarpal  and  Meta- 
tarsal Bones  of  Domestic  Kamin- 
ants  (Mettam),  xxix.  244-25S ;  Ribe 
(Hertslet),  xxx.  p.  xv ;  Supemmn- 
erary  Pollex  (Sutton),  xxtii.  pu  xiii  ; 
Valve  Segment  between  Right  and 
Posterior  Pulmonary  Valves  (Rolles- 
ton), xxv.  p.  xvii. 

Rudolphi's  Rorqual,  Pelvic  Bone  of, 
xxvii.  828. 

Ruminants,  Determination  of  Placental 
Site  in,  xxvii.  873  ;  Domestic,  Rudi- 
mentary Metacarpal  and  Metatarsal 
Bones  of  (Mettam),  xxix.  244-253  ; 
Hyoid  of,  xxx.  528 ;  Larynx  of,  xxiii. 
608 ;  Muscles  of  Lower  Limb  of, 
xxviii.  179  ;  Reaction  in  Stomacba 
of,  xxv.  898. 

Rust  of  Barberry,  xxL  249. 

Rutherford,  William.  A  New  Tlieorj 
of  Hearing,  xxi.  166-168  ;  Centenary 
of  Compound  Microscope,  xxv.  pp^ 
iv-xxi 

Ratting,  xxix.  61 ;  Changes  in  Striped 
Muscle  of  Urethra  in,  xxv.  546 ; 
Descent  of  Testes  during,  xxviii. 
210 ;  in  Mole  and  Hedgehog,  xxiv. 
26. 

Eynehopidm,  xxv.  74. 

EynchopSf  xxiv.  548 ;  xxv.  68. 

Saeeobrmichus,  xxix.  526;  Acceasory 
Gill-oavity  in,  xxix.  181, 188. 

Sacculus,  xxvi.  88. 

Sacral  Axis,  xxvii  558;  Plexus  in 
Symelian  Monsters,  xxx.  178. 

Sacro-sciatic  Ligaments  of  Catairbine 
Monkeys,  xxviii.  159. 

Safranin  for  Preserving  Blood-cor- 
puscles, xxii.  497. 

Sage  Cock,  Skull  of,  xxiv.  95. 

Sagittal  Line,  zxiii.  p.  xiv. 

Sagitto-vertical  Index,  xxiv.  119, 122. 

Sajous,  C.  E.  Annual  of  the  Uni- 
versal   Medical    Sciences  (Notice), 
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xzY.  294 ;   zxtL  276  ;   xzm  664 ; 
zzz.  815. 

Sala,  L.  Minnte  Anatomy  of  Pea 
Hippocampi  (Reriew),  zxv.  678-580. 

Salamander,  MitoBia  in,  xzi7,  604; 
Japanese,  Sub-vertebral  Rectos  in, 
xzz.  168. 

Salamandra,  Pelvis  of,  xxTii.  553; 
crisiata,  Six-toed,  xxiiL  245 ;  macu' 
laia^  Anakatidymous  and  Mesodidy- 
moos,  xxvii.  416. 

Saline  Solution,  Normal,  Stimulation 
with,  xxiv.  199. 

Salkeld,  G.  Injection  Apparatos,  xxiz. 
230-288. 

Salmofario^  Four  Embryos  co-existing 
in  one  Ovum  of,  zxvii.  416. 

SaimonidiB,  Multiple  Formations  in, 
xxviL  416. 

SalmonaidHf  xxix.  400  H  seq^ 

Sand-burial  for  Kteparation  of  Bones 
(Cleland),  xxv.  p.  xvii. 

Sanders,  G.  Malformation  of  Heart 
with  Tf'ansposition  of  Aorta  and 
Pulmonary  Artery,  xzvii«  464. 

Sand-pipers,  Osteology  of,  xxv.  528i 

Sarasin,  B:  &  F.  Ergebnisse  natur- 
wissenscbaftlicher  Forschungen  auf 
Ceylon  in  den  Jahren  1884-86.  Die 
Weddas  von  Ceylon  uaddie  sie  umge- 
benden  Volkersohaften,  ein  Yersuch, 
diiB  in  der  Phylogenie  des  Menschen 
ruhenden  Rathsel  der  Lbsung  naher 
zu  bringen  (19btioe),  xxix.  140,. 
141. 

Sarcolemma  of  Striped  Muscle;  Pre- 
paration of,  xxiv»  606* 

SarccphHtUj  Extensor  Clirpi-  Radialis  of, 
xxi.  124e^M9r.,  208. 

Sauranodon,  Limbs  of,  xxiiL  244.. 

/Sauria,  Lung  of,  xxix.  181 ;  Muscles 
of,  xxvi.  44. 

SauropHda,  xxiv.  1  el  Mq.  ;  xxvi.  402 ; 
Brain  of,  xxx.  159,  185  et  eeq. ; 
Development  of,  xzu  870 ;  Heart  of, 
XXIX.  p.  xviii ;  Pelvis  of,  xzvii.  653  ; 
Relation  to  Mainmalia  (Shore),  xxi 
362-878 ;  Sknll  of,  rd.  864. 

Savages*  flenses  of  (Corran),  xxL  558- 
576. 

Scales  in  Integument  of  Polyodon  fol- 
ium (ColUnge),  xxix.  486-487. 


Scalp  of  Negro  (Stewart),  xxT.  2SS» 

p.  UL 

Scaphocephaly,  xxx.  468. 

Scarpa's  Fascia,  xxviii.  150. 

Schafer,  £.  A.  Quain's  Elements  of 
Anatomy,  10th  Ed.  (Notice),  xxvi 
578. 

"  Schistocephalns,  Sohlstognathna  ek 
Schistogloesus,"  xxii  429. 

Schistodactyly,  xxviii  877. 

Schistomelia,  xxviii  877. 

SehizogncUhcB,  xxiii  6  et  aeq, 

SehizamyceUs  in  the  Digestive  Tract, 
xxi  281. 

Sehizonemertea,  Brain  in,  xxii.  887. 

Schizopoda,  Cecal  Tubes  of,  xxv.  178. 

Schizorhinal  Birds,  xxiv.  545. 

Schizorhinalism,  xxv.  510. 

Schliessungswellen,  xxiv.  460. 

Schnopfhsgen,  F.  Die  entstdiung 
der  Windungen  des  Groashims 
(Review),  xxv.  581»  682. 

Schnlze,  Adolf.-  On  Abbe's  Apochro- 
matic  Micro*objectives  and  Compen- 
sating Eye-pieces,  xad.  516-524. 

Schwalbe,  Q.  Lehrbuch  der  Anatomie 
der  Sinnorgane  (Notice),  zadi.  807. 

SeicBtw  aduuta,  Sound-production  in, 
xxix.  221 ;  aqwUa^  xxix;  189 ; 
Sound-production  in,  xxix.  205^  220, 
225ei8eq.,  410. 

SdoBnoidei,.  xxix.  126  et  seq,^  220 ; 
Sound-production  in,  xxix.  226. 

SdnddtBy  Organ  of  Joucobson  in,  xxx. 
78. 

Seiurus,  Brain  of,  xxv.  107 ;  maxi- 
mtu,  Muscles  of^xxii.  645. 

Sderodermif  xxiv.  419  (note). 

Sclerotal  Plates  of  Simorhynehus  pueil^ 
lus,  xxiii  648  ;  in  Eyes  of  SturneUa, 
xxii.  818.. 

Scofield,  H.  0.  L^  Notes  from  the 
Physiological  Laboratory  of  the  Uni- 
versity of  Edinburgh,  xxii.  188, 184. 

SeokcophagWf  xxii  809  et  9»q. 

Scoliosis,  xxiii  296. 

Seolopax,  xxix.  22. 

SeopidcB,  xxix.  24. 

SeopuSf  xxix.  22. 

Scott,  J.  H.  Osteology  of  Aboriginea^ 
of  New  Zealand  and  ChatHami 
Ishmds  (Notice),  xxix.  141, 148. 
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Scottish  Hicroaoopical  Society, 
Proceedings  o(  xzv.  pp. .  i-zxi ; 
List  of  Papers  read  (Session  1889- 
90),  XXV.  pp.  i-iii 

Scrotal  Poaches  of  Syoena^  xziiL  102. 

Scrotum,  Development  of,  zxii  507; 
Innervation  of,  xzTlii.  185. 

SeyUium,  Kidney  of,  zxiv.  419  ;  Spir- 
acles of,  zxiv.  228  ;  Vagus  in,  xziL 
878. 

Sea-Lion,  Entoscaphoid  of,  zziii.  246. 

Sea-Pkrrots,  zxiv.  98. 

Sea-Turtle,  Rhythm  and  Innervation 
of  the  Heart  of  (Mills),  xxi.  1-20. 

Seal,  Elephant,  Brain  of,  xxv.  112  ^ 

,  New  Zealand  Fur,  Sacrum  of, 

xzviL  549. 

Seals,  Brain  of,  zziv.  154 ;  xxv.  108 
et  ieq, ;  Comparison  of  Convolutions 
of,  with  those  of  Camivora,  Apes, 
and  Man  (Turner),  zxii.  554-581 ; 
Digital  Bones  of;  xxviiL  59  ;  Hair- 
nerres  of,  zxvii«  229,  231 ;  Intra- 
narial  Epiglottis  in,  xxiii.  589; 
Ovary  of,  xxi.  172  ;  Pineal  Body  in 
(Turner),  xxiL  800-802;  Psoas  in, 
xxiii.  505. 

Section  through  Abdomen,  Horizontal 
(Symington),  xxvii.  p.  ii. 

Sectional  Anatomy  of  Aneneephalic 
FcBtus  (Ballantyne),  xxvL  516-529. 

Section-cutting,  xxv.  280. 

Sections,  Method  of  Fixiog,  on  Slide 
(Gulland),  xxvi.  56-59 ;  through 
Jaw,  xxix.  357 ;  of  Abdomen,  xxvii. 
265 ;  of  Liver  (Shore  and  Jones), 
XXIV.  p.  vii ;  of  Growing  Antler  of 
Stag  (Sutton),  xxvi.  pp.  xvii,  xvii 

Sec^en,  J.  La  Glycogenic  Animale 
(Notice),  xxiv.  614. 

Segmental  Distribution  of  Limb-nerves, 
XXX.  533 ;  Value  of  Cranial  Nerves 
(Shore),  xxUi.  428-451. 

JSelaehii,  xxiv.  420 ;  Vagus  in,  xxii 
877  et  9eq.;  (Shore),  xziiL  428-451. 

Semicircular  Canals,  xxvi.  38. 

Semilunar  Fibro-cartilages  and  T^ns- 
verse  Ligament  of  Enee-joint 
(Higgins),  zzix.  890;  Valves, 
Closure  of.  Causing  Dicrotism,  zziv. 
452. 


SemnopUheeu9,  Brain  of,  xxix.  284  «t 
seq.;  zzz.  813 ;  Tail  of,  zxvnL  159 ; 
cinertuB  and  fnumUis,  Geii^ 
of  Carotid  and  Subclavian  in,  xxix. 
453;  enieUus,  Saond  Flexns  oC 
zziiL  294;  o6ae»rvt,  Brain  oC 
zzix.  297. 

Senile  Hypertrophy  and  Atrophy  of 
SkuU  (Humphiy),  xxiv.  698. 

Sense  Oigaua  of  Doable  Chick,  xxv. 
318  ;  Branchial,  xxiiL  434  €t  asgf. 

Senses  of  Savages  (Currui),  xxL  558- 
570. 

Sensory  Nerve  Cells,  Histological 
Changes  in  (ftlann),  xxix.  100-108  ; 
Nerve-supply  of  Hind  Limb  of 
Mac(ictu  rhcssus  (Sherrington), 
XXVI.  p.  XV ;  Boot,  Long,  of  C^liaxy 
Ganglion  as  Figured  by  Cloqnet 
(Smith),  xxviii.  408  ;  of  Trigeminal, 
xxix.  10. 

Separation,  Complete,  of  two  Heads 
of  Biceps  Flexor  Cruris  Muade 
(Hepburn),  xxvii.  28  -284 ;  of  Qs 
Styloideum  of  Third  Metaeaipal 
(Smith),  XXVII.  p.  xxvlL 

Septic  Conditions,  Blood  in,  xxv.  487. 

Septum  Auriculi,  Rudimentary,  xxviii. 
305 ;  Linguae,  xxv.  156 ;  Macosom 
in  Enee-joint,  xxvii.  p.  iii  ;  P«llaci- 
dum,  etc..  Morphology  of  (Smith), 
XXX.  157, 185 ;  Ventriculi,  Deficient, 
xxvii  466,  469  ;  xxix.  466. 

Sequeira,  J.  H.  Ectopia  Vesics 
with  Patent  Vitelline  Duct,  xxz. 
362,  p.  iz. 

Sergi,  6.  La  Varietk  Umane  della 
Melanesia  (Notice),  zziz.  141,  144. 

Serpent,  Eztemal  Oblique  of,  xxii.  401. 

SerperUaritu,  xzix.  34. 

Serum-albumin,  zziz.  198 ;  Coagula- 
tion of,  zziv.  290  ;  Globulin,  Action 
of  Magnesium  Sulphate  on,  xxiv. 
300 ;  Action  of  Sodium  Chloride  on, 
zxiv.  301;  Coagulation  of,  zxiv. 
292  ;  and  Egg  Albumen  Contnsted, 
xxii.  134. 

Sessile  Cysts  of  Epididymis,  xxviiL 
111. 

Sexdactylism,  xxx.  453. 

Sexes,  Topography  of  Fissure  of 
Bol^ndo  in,  xxv.  18. 
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SMcnal  Eminencei  zxiL  47  et  seq. 

Shad,  zzvL  26  et  aeq. 

Shaking  Bggs  before  Inenbation,  zxx. 
46S. 

Shark,  Palato-Quadrate  of,  xxii.  S2 ; 
Porbeagle,  Spiracles  of  (Swart),  zxiy. 
227  ;  Kidneys  of,  xxW.  420. 

Sharp,  G.  Pace  Iron-pigmentad  Renal 
Calculi,  xzviiL  447 ;  Adyentitious 
Joint  of  Femur  following  Unu- 
nited Fracture,  zxiz.  880;  Morbid 
Anatomy  of  Bones  in  Chronic 
Glanders  in  Human  Subject,  zxix. 
492 ;  Lymphadenoma  (Hodgkin's 
Disease)  of  Lymphatic  Glands  as 
a  Distinct  Pathological  Affection, 
xzz.  59 ;  large  Cystic  Myxoma 
attached  to  Sheep's  Colon,  xxx. 
559. 

Shattock  on  Club  Foot,  zxiii.  p.  xx7. 

Sheath  of  Schwann,  xxiv.  472. 

Sheath-bill,  Skull  of,  xxy.  511  e^  seq. 

Sheep,  Brain  of,  xxir.  818  et  seq.; 
XX7.  138  ;  xxvii.  70  ;  xxx.  17,  157  ; 
Changes  Induced  by  Parasitic  Worm 
in  Lungs  of  <Bewley),  xxL  874-877  ; 
Colon  of,  with  Cystic  Myxoma 
(Sharp),    xxx.      559-561 ;    Cranial 

.  Nerves  of,  xxiii.  487 ;  -Cyclops  Arryn- 
chus  in,  xxv«  441 ;  Elbow  of,  xxx. 
870;  Epiglottis  of,  xxiii.  608; 
Fusible   Metal    Injection   of   Head 

.  of,  xxT.  564 ;  Gustatory  Organs  of, 
xxiii.  205 ;  Hyoid  of,  xxx.  519 
(note)  et  seq. ;  Limb  Plexuses  in,  xxi. 
619  ;  Malformation  of  Jaw  in,  xxniL 
28 ;  Nerves  of,  xxiii.  288  ;  Olfactory 
Organ  of,  xxviii  887 ;  Organ  of 
Jacobson  in,  xxvi.  872 ;  Osteology 
of,  xxix.  244  et  seq, ;  Single  Kidney 
in,  xxviii.  201 ;  Supernumerary 
Fore-limbs,  xxviii.  80  ;  Variations 
in  Foramen  Ovale  of  Heart  of 
(Rowland),  xxviii.  809-312. 

Shepherd,  F.  J.  Note  on  the  Ossicle 
found  at  the  Posterior  Border  of  the 
Astragalus,  xxi.  885 ;  the  Musculus 
Stemalis  and  •  its  Nerve  -  supply, 
xxiiL  808  ;  some  Vascular  Anomalies 
Observed  during  the  Session,  xxiv. 
69 ;  Radio-carpal  Articulation,  xxv. 

<  849 ;   Symmetrical  Depressions   on 


-  Exterior  Surface  of  Parietal  Bones, 
xxvii  501 ;  Anomalous  Muscle  of 
Thorax,  connected  with  Diaphragm, 
xxx.  168. 

Sherringteo,  C  S.  Topography  of 
Pyramidal  Tract,  zxiii.  p.  xvii ; 
^nsory  Nerve-supply  of  Hind  Limb 
of  Macaetis  rhems^  xxvL  p.  xv  ; 
Distribution  of  Sixth  Lumbar  Nerve 
of  McLeaeus  rhesus,  xziz.  pp.  xix, 
XX ;  Cutaneous  Distribution  of  Spinal 
Nerves,  xxx.  p.  xxi. 

Shoe-maker,  Anatomy  and  Physiology 
of<(Lane),  xxii.  598. 

Shore,  T.  W.  On  the  Relations  of 
the  Mammalia  to  the  lehthyopsida 
and  Sauropsida,  xxi.  862  ;  Morph- 
ology of  the  Vagus  Nerve,  xxii.  872  ; 
on  the  Minute  Anatomy  of  the  Vagus 
Nerve  in  Selachians,  with  Remarks 
•on  the>13egmental  Value  of  the  Cranial 
Nerves,  xxiii.  428 ;  Proamnion  and 
Amnion  in  Chick,  xxiv.  1 ;  Sections 
of  Liver,  xxiv.  p.  vii ;  Origin  of 
Liver,  xxv.   166. 

Short  Muscles  ctf  Thumb  (Parsons), 
XKY.  p.  iii. 

Shoulder-girdle  of  certain  Dicyno- 
dontoid  Reptiles  (Howes),  xxvi.  403  ; 
of  Gulls  and  Jsegers,  xxiv.  560. 

— ^—  Joint,  Laige  Defect  in  Capsule 
of  (Hepburn),  xxvi.  pp.  vUi-x ; 
Ligaments  and  Tendons  of,  in  Catar- 

.  rhine  Monkeys,  xxviii  163. 

Shufeldt,  R.  W.  A  Skull  of  a  Na- 
vajo  Child,  xxi  66 ;  Osteological 
Note  upon  the  Young  of  Oeoeoecyx 
ealiforniawm,  xxi  101  ;  Contri- 
butions to  the  Comparative  Crani 
ologyof  the  North  American  Indians 
the  Skull  in  the  Apaches,  xxi.  525 
Comparative  Data  from  2000  Indian 
Crania  in  the  U-.S.  Army  Medical 
Museum,  xxii.  191 ;  on  the  Skeleton 
in  the  Genus  Stumella,  with  Osteo- 
logical Notes  upon  other  North 
American  ZUeridcs  and  the  Corvidce, 
xxii.  809  ;  Contributions  to  the  Com- 
parative Osteology  of  Arctic  and  Sab- 
Arctic  Water  Birds,  xxiii  1,  65, 
186,  400,  637  ;  xxiv.  89,  169,  548  ; 
xxv.    60,    409;    Crania   of  North 
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American  Indians,  zxy.  222 ;  Taxo- 
nomy of  North  Ameriean  Pygopodes 
based  upon  their  Oetw>\<igj,  zzTi 
199  ;  Comparative  Osteologicml  Noten 
on  Extinct  Bird  lehthyomiSf  xxrii.. 
836 ;  Osteology  of  certain  Cranes,, 
Rails,  etc.,  and  their  Affinities,  xxiXb. 
21. 

Siamang,  xxix.  456;  Brain  of,,  xxix.. 
290. 

Sibley,  W.  K.  Nature  of  Giant-cells 
of  Tubercle  and  Elements  associated 
therewith,  as  seen  in  Comparative 
Pathology,  xxiv.  817-626 ;  Tubers 
cnlosis  in  Vertebrates,  xxiiL  642* . 

Sibson's  Muscle  (Fawoett),  xxx;.488. 

Siebor,  N.  Research  into  Chemical 
Processes  in  Small  Ibtestine  of  Man, 
xxY.  890. 

Sigmoid  Flexure,  xxiii.  106  ;  of  Colon, 
Variation  of  (Melsome),  xxTii.  p. 
XXX ;  Gyms,  xsv.  130,. 

Silkworms,  Influence  of  Magnetism  on 
Development  of,  xxix.  848.. 

Siluridce,  xxix.  402,  525,  541. 

SiluroidcR,  Bones  of  BJir  in,  xxix.  Ill ; 
Production  of  Sounds  by  Extrinsic 
Muscles  of  Air-bladder  and  "Spring  ** 
Apparatus  of  (Sorensen),  xxix.  109, 
205,  899,  518. 

SUwrus  glanis^  xxix.  212,  402,  422,. 
535. 

Silver  Salts  of  Proteids,  xxvii.  211. 

SimiadoB,  Skulls  of,  xxix.  429;  xxx.  886.. 

SimorhyncTius,  Osteology  of,  xxiii.  537'; 
xxiv.  89,  lOS:;  criatcUdlus,  xxiii.  4, 
185 ;  XXV.  76  ;  Osteology  of,  xxiii. 
540  et  aeq,  ;  xxiv.  110 ;  psittacultis, 
Oflteology  of,  xxiii.  540;  ptuiUus, 
xxiii.  4 ;  Osteology  of,  xxiii.  540  ; 
xxiv.  110 ;  pygmcBUSf  xxiii.  4 ;  Os- 
teology of,  xxiii.  540. 

Single  Kidney,  xxviii.  1A6  ;  ClHise  of, 
xxviii.  201 ;  Urinogenital  and  Blood- 
vascular  Systems  of  Rabbit  with 
(Harrison),  xxviii.  401-407  ;  Uni- 
lateral Kidney  (Tweedy),  xxviii  840, 
841. 

Sinus  Cervicalis,  xxv.  162 ;  Deficient 
Closure  of,  xxvi.  95  ;  Terminalis, 
xxiv.  8 ;  of  Valsalva,  Functions  of 
(Collier),  xzir.  p.  xiii. 


Sire,  Influence  of  a  fittviovs, 

Sirenia,  xxiv..  420 ;  Heart  o^ 
853;  I&trarnarial  BpiglottiB  in. 
zxiiL  587^;  &arynx-  of,.  xziiL  2S7« 
271  ;  Muscles  of,  xxiv.  76. 

Siienomeles,  xxvii  46Ii;.  xxviii  28, 
370;;  xn..l70. 

Sirenomelian  Monster,  AmtMemj  d 
(M^nners-Siinith),  xzx.  507-512. 

Sirens,  xxv.  202.. 

Situation  of  Vermifonn*  Appendix 
(Lockwood  k  RollestonX  zxr.  pp. 
xviii-xx. 

SUe  of  Different  Bfoteid  Molecules, 
SEvii.  211:: 

Skate,  Nervous  System  of,  xxiii.  428  r 
Kidbeys  of,  xxiy.  407.. 

Skatol,  xxvi  409i^ 

Skeletal  Changes  showing  Laboor- 
history  (Arbuthihot  Bane)^  zii.  385- 
406. 

Skeleton,  Centenarian  (ConmngbaiD)^. 
XXIII.  p.  xiii  ;  Change  in  Form  of 
(Lane),  xxii.  215-224;  Ck)ng8nital 
Abnormalities  in  Human  (Arbnth* 
not  Lane),  xxi  586-610 ;  Human, 
Earliest  Relations  of  Reprodactiv« 
Glands  and  Urinary  Organs  to, 
465,  468  ; .  in  Acromegaly, 
479-492 ;  of  Ainos,  xxviii  885  ;  of 
Amtic  Water-fowl,  xxiii.  1,  6  <^Mf.; 
of  Foot  of  Dorking  Fowl  (Howes  h 
Hill),  xxvi  895-403  ;  of  Irish  Giant, 
Cornelius  Msgrath  (Cunningham^ 
SBKY..  p.  ix;  of  Kegro,  Anoroaliea 
of  (Paterson),  xxviu  p..  xxii ;  in 
Bnffins  {FraitarctUinm),  xxiv.  89  ;  of 
Sdnorhynchtu  putiUus,  xxiii  548  ; 
in  the  Genus  SiumellOy,  with  Osteo- 
I^gical  l^otes  upon  other  North 
Amerioan  IcUridcBBxid  the  Corvidm 
(Shufeldt),.  xxii  309-359«;  Vazja- 
bility  in  Human  (Tltimer),  xxi  4178  ; 
of  FlBhea  (Thompson),  xxni.p..xxT  ; 
of  Indians,  xxiv.  65.. 

Skimmer,.  Skull  of,  xxv.  71 ;  Black, 
xxiv.  545. 

Skimmers,  xxvii  387. 

Skin,  Development  of  £pidermio 
Layen  of  (Thomson),  xzyii.  p. 
xvii;  Innervation  o(  xxviii  171  ; 
XXX.  586 ;  Tattooed  (TamerX  zzvu« 
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p,  ii ;  of  DelpMnapteruSf  xxx.  129 ; 
of  Elephant,  Histology  of  (Smith), 
zziy.  493  ;  of  Foetal  Dagong,  zzviii. 
316;  of  Hedgehog,  xxvii.  169;  of 
Horse,  Histology  of  (Smith),  zxii. 
142  ;  of  Megapteroy  zxii.  118,  124  ; 
and  Scalp  of  Negro  Foetus  (Thom- 
son), zxv.  28a^286,  p.  iii. 

Skuas,  zziii.  5. 

Skull,  Arch  of  Punjab  Tribes,  zzni.  7  ; 
Asymmetrical  (Cumow),  zziii.  p.  i ; 
Cap  of  PUh&ccmthropuSf  zziz.  431 ; 
Excavations  in,  dne  to  Dilatation  of 
Lateral  Sinus  (Griinbaum),  XZY.  p. 
zi ;  Ossification  of  (Sutton),  xzii. 
p.  ziii ;  Processes  of  Occipital  and 
Mastoid  Begions  (Comer),  xzx..  p. 
viii ;  Senile  Hypertrophy  and  Atro- 
phy of  (Humphry),  xxiv.  598  ;  Top- 
ography of  (Cunningham),  zxiai. 
p.  xi;  of  Aboriginal  Australian 
(Cooper),  zxYi.  pp.  xxiii,  xziv ;.  in 
Acromegaly,  zziv.  479  ;  Dimensions, 
zxiv.  480  ;  of  Alea  torda,  xxiii.  6  ; 
in  Amphibiay,  xxL.  864 ;  of  Anen- 
cephalous  Foetus,,  xxx.  240.;  in 
Apaches  (Shufeldt),  xxi.  625 ;  of 
Australian,  with  Double  Bight 
Parietal  Bone  (Turner),  xxt.  47d; 
of  Ckionis,  xxr.  510  ;  of  Orocodilia^ 
xxvii.  151 ;  of  Sehidna,  xxi.  365  ; 
irith  Enormous  Parietal  Foramina 
(Symmers),  xxix.  829 ;  of  Frog^ 
xxi  364 ;  of  Heriing,  xxri.  26  ;  in 
Ichthyopsida,  xxi.  364 ;  of  leUridtt 
and  CorvidcBf  xxii.  310 ;  of  Idiot 
(Humphry),  zxiz.  p.  z;  in  Mam' 
malia,  xxi.  363  ;  of  Mdnds,  xxi.  866 ; 
of  Marsupialia,  xxu  365  ;  of  Megap- 
tera,  xxiii  308 ;  in  Microcephaly, 
xxviii.  436;  of  ManotreTnata,  xxi. 
364 ;  of  Mummy,  xzv.  428 ;  from 
Nagyr  (Duckworth >  (Notice),  zziz. 
142;  of  Navajo  Child  (Shufeldt), 
zzi  66 ;  from  New  Guinea  and 
Torres  Straits  (Cunningham),  zzix. 
p.  zviii ;  of  Porzana  Carolina,  zxiz. 
27  ;  in  Sauropsida,  xxi  364 ;  with 
Wormian  Bones  in  Frontal  Suture 
(Gulliver),  XXY.  p.  ii ;  Macro-  and 
Micro-cephalic  (Humphry),  zziz. 
304;   of  some  Outcasts    Tribes  of 


Punjab^  Measurements  of  (Charles), 

zzvi  1 ;  Egyptian  (Macalister),  xxY. 

p.  iii. 
Skunk,  Gustatory  Organs   of,    zziii 

206. 
Slider  Terrapin,  zzi.  7. 
Sloth,  Brain  of,  zzvii.  70 ;  Two-toed, 

zziv.  249;    Hyoid   o(   zxz.    520; 

Three-toed,  Shoulder-girdle  of,  zzi. 

194 ;     Intra-narial    Epiglottis    in, 

zziii  589. 
Small  Intestine,  Chemical  Processes  in 

(Macfadyen,    Nencki,    and  Sieber), 

zxv.  390. 
Smith,  A.  J.      Absent  Thoracic  Duct 

causing  (Edema  of  a  Foetus,  zziii. 

532. 
E.  6.   Muscular  Anomalies  and 

Origin  and  Functions   of  Ligamen- 

tum  Posticum  Winslowii,  xxvii.  p. 

zxiv;  Separation  of  Os  Styloideum 

of    Third    Metacarpal,    xxvii.    p. 

zzvii;   Development  and  Varieties 

of  Atlas,  XXVII.  p.  zzxviii ;  Astra- 

galo-calcaneo-navicular  Joint,  zxx. 

390,  p.  X. 

F.   Histology  of  the  Skin  of 


the  Horse,  xxii  142 ;  Histology  of 
Skin  of  Elephant,  xxiv.  493. 

G.   Elliot     Peculiar  Arrange- 


ment of  Suprascapular  Vein,  xxix. 
99  ;  Bare  Nerve-and  Muscle  Anoma- 
lies, xxix.  84  ;.  Morphology  of  True 
'* Limbic  Lobe"  Corpus  CaQosum, 
Septum  Pellucidum  and  Forms,  xxx. 
157-167,.  185^05,  450 ;  Stmioture 
of  CSerebral  Hemisphere  of  Omitho- 
rhynchuSf  xxx.  468^487. 

J.  Greig.    Note  on  the  Action 


of  the  Ureters  as  Observed  during 
an  Operation  for  Bemoval  of  an 
Abdominal  Tumour,  xxii  496. 

T.     Brains   of    Microcephalic 


Idiots,  XXIX.  p.  ii 

W.  B.   Case  of  Hermaphrodit- 


ism in  Common  Frog,  xxiv.  218 ; 
Illustrations  of  Zoology,  Inverte- 
brates and  Vertebrates  (Notice), 
zziv.  618 ;  Abnormal  Arrangemmt 
of  Bight  Sub-clavian  Artery  in  Bab- 
bit, zzv.  825, 326 ;  Muscular  Msehan- 
ism  of  Walking,  xxv.  566 ;  Abnor^ 
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xnaHty  of  Finger  Kails,  xxvi.  406 ; 

Long  Sensory  Root  of  Ciliary  Guig- 

lion  as  Fignred  by  Cloqaet,  zzviii. 

408. 

W.W.  Delimitation  of  Regions 


of  Abdomen,  xxvii.  285, 

Suake,  Brain  of,  xsc  lt7,  484  ;  Lung 
of,  xxiz.  181  et  8€q,;  Nerves  Inter- 
costal in,  xxt.  630  ;  Organ  of  Jacob- 
son  in,  XXX.  70;  Physiology  of 
Heart  of  (Mills),  xxii.  1-8;  Pnl- 
monaiy  Artery  in,  xzix.  p.  xvii ; 
Tuberculosis  in,  sxiii.  642. 

Sodium  Bromide,  Effect  of,  on  Reflex 
Excitability  of  Slpinal  Cord,  xxvi. 
880;  Chloride,  Aistion  of,  on  Egg 
Albumen,  etc.,  xxiv.  298 ;  Effect  of, 
on  Reflex  Excitability  of  Spinal 
Cord,  xxvi.  378;  Hydrate,  Action  of, 
on  Non-striped  Muscle,  xxiv.  203;  Io- 
dide, Effect  of,  on  Reflex  Excitability 
of  Spinal  Cord,  xxvi.  380 ;  Nitrite, 
Action  of,  on  Non-striped  Muscle, 
xxiv.  204 ;  Salicylate,  Absoiption  of, 
from  Bladder,  xxi.  312;  Elimina- 
tion of,  by  Kidneys,  xxi.  309  ;  Salts, 
Effects  of,  on  Reflex  Excitability  of 
Spinal  Cord,  xxvi.  378. 

Sole  of  Foot,  Integumentary  Grooves 
on  (Hepburn),  xxviL  112. 

SoUnodoHy  XX7. 114  (note) ;  Larynx  of, 

.   xxiu.  269. 

Solid  Matter,  Action  of,  on  White 
Blood-corpuscles,  xxii.  (85. 

Somites  of  Double  Chick,  xxv.  317. 

Sorby  -  Browning,  Microspectroscope, 
xxi.  40. 

Sorensen,  W,  Are  Extrinsic  Muscles 
of  Air-bladder  in  some  Siluroidx 
and  *' Elastic  Spring "  Apparatus  of 
others  Subordinate  to  Voluntary 
Production  of  Sounds  ?  What  is, 
according  to  our  Present  Knowledge, 
the  Function  of  Weberian  Ossicles  ? 
xxix.  109,  205,  399«  618. 

Sorsx  erassieafidattu,  Mamms  of,  xxv. 
234. 

Soruhimlima^  xxix.  311  (note). 

Sound  Production  by  Extrinsic  Muscles 
of  Air-bUdder  and  '*  Elastic  Spring  " 
Apparatus  of  SUwroidm  (Sorensen), 
xzix.  109,205,399,  518. 


Southall,  O.  On  an  Amylolytie  Fer- 
ment found  in  the  Gastric  MaaiMis 

.  Membrane  of  the  Pig,  zxiiL  452. 

Sow,  Ovary  of,  xxL  174. 

Sparrow,  Temperature  of  Young,  xxv. 
383. 

Spasmodic  Muscular  Action  canniig 
Fractures,  xxviiL  456. 

SpeUtUaria,  xxix.  128. 

Spear  Flag  Indicator  for  Muscle  Kcrre 
Demonstrations  (Stuart),  xxv.  299. 

Special  Physiology,  including  Kvtri- 
tion.  Innervation,  and  ReprodnetioB 
(M'Kendrick)  (Notice),  xxiv.  618. 

Specific  Coagulation  Point  of  Albamen, 
xxiv.  301. 

Spectacles,  Effect  on  Couvei^nce,  xxL 
80. 

Spectrum  of  Blood,  Legal  Inaportaoce 
of,  xxvi.  64,  74. 

Spencer,  H.  R.  Ossification  in  Head 
of  Humems  at  Birth,  xxt.  S52, 
p.  xviii ;  Distance  of  Lower  Mazgin 
of  Kidney  from  Iliac  Crest  in  Infiuit 
at  Birth,  xxvi.  87. 

Spermatic  Cord,  Lipoma  of,  xxii.  517  ; 
Vessels,  E^ect  on  Testes  of  Ligatare 
of  (Griffiths),  xxx.  81 ;  Relation  oi;  to 
Processus  VaginaliB,  xxii  538. 

Spermatozoa,  Microscopical  Prepara- 
tions of,  xxiv.  166  ;  Triple  Stain  for, 
xxii  183  ;  containing  Cysts  of  Epidi- 
dymis, xxviii  118. 

SpemiophiluB,  Brain  of,  xxv.  110. 

SphmiteomorphoB^  Skeleton  of,  xxiv. 
100. 

Sphenoidal  Fissure,  xxii.  80. 

Sphincter  Yesicre  Internus,  xxv.  54Si. 

Sphygmograpk,  xxiv.  441. 

Spiller's  Purple,  xxiv.  161. 

Spina  Bifida,  xxv.  437;  xxvi  433^  437; 
xxvii.  415  ;  xxviii  371  ;  of  Cervical 
Yertebrse  (Birmingham),  xxvii.  p. 
viii ;  with  Retroflexion  of  Trunk 
and  Ectopia  Yiscenun  (Bryoe),  xxix. 
553. 

Spinal  Column,  Effect  of  Suspension 
upon  (Cagney),  xxiv.  p.  xiii ;  Length 
of,  xxix.  51, 
>  Cord,  Action  of  Nitrites  on,  xxii. 

351 ;  Action  of  Nitro-f^ycerine  on, 
xxii  368  ;  Clarlpo's  Column,  Micros- 
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oopical  Examination  of  (Mott),  xxii. 
479-495;  Collaterals  of  Anterior  and 
Lateral  Golnmn8,xzv.  447;  Doubling 
of,  xxvi.  482  ;  Dry  Preparations  of, 
xxiy.609 ;  Duplicity  of  Part  of,  xxviii. 
871 ;  Effect  of  certain  Drags  on  Re- 
flex Excitability  of  (Stirling),  xxvi 
875  ;  Length  of,  xxix.  50 ;  Limits  of 
Variability  of,  xxix.  49 ;  Lower 
Limit  of,  xxix.  85,  46  et  aeq.; 
Minnte  Anatomy  of,  xxvi.  274 ; 
(Kolliker),  xxv.  448  ;  Nerve-cells  of, 
XXV.  448  ;  Neuroglia  Cells  of,  xxv. 
450;  Pathological  Conditions  of, 
xxii.  490  ;  Peculiarities  of  Length  of, 
in  Females,  xxix.  49  ;  Point  pf  Ter- 
mination of.  Affected  by  Curves, 
xxix.  49 ;  Point  of  Termination  of, 
in  Foetuses,  xxix.  49 ;  Posterior 
Roots  and  Posterior  Columns  of, 
xxv.  444  ;  Collaterals  of,  xxv.  446  ; 
of  Anencephalous  Foetus,  xxv.  488  ; 
xxix.  277 ;  in  Dicephalns  dibra- 
ohius,  xxv.  489 ;  of  Dog,  Cells  of, 
xxix.  105. 

•     Nerves,  Distribution  of  (Pater- 
son),  XXX.  580  ;  Roots  of,  Transfixed 


by  Needle  (Hepburn),  xxil.  p.  viii ; 
Superficial  Origins  of,  Relation  to 
Spinous  Processes  (Reid),  xxiiL  841. 

Spine,  New  Method  of  Mounting  (Cun- 
ningham), XXIII.  p.  xii ;  of  Gorilla, 
Lumbar  Curve  of  (Symington),  xxiii. 
p.  xxv  ;  of  Microcephalic  Idiot, 
XX viii.  487  ;  of  Rabbit  containing  a 
Half  Vertebra  on  the  Left  Side  of  the 
Lumbar  Region,  xxiv.  p.  xv. 

Follicles  of  Hedgehog,   xxvii. 

170. 

Spines  of  Hedgehog,  xxvii.  174. 

Spiracles  of  Porbeagle  Shark  (Ewart), 
xxiv.  227. 

Spiracular  C!avity  of  DelphinapUrtu, 
•XXX.  180  (note). 

Spirem  Stage,  xxiv.  275. 

Spleen,  Absence  of,  xxix.  465  ;  Posi- 
tion of,  xxvii  271 ;  Transposition  of, 
xxix.  467  ;  Tubercle  of,  in  Birds, 
xxiiL  645 ;  xxiv.  520  ;  in  Snake, 
xxiii  642  ;  of  Cat,  Minnte  Structure 
of  Reticulum  of  (Carlier),  xxix.  479  ; 
of  Dolphins,  xxUi.  461,  484  ;  xxvi. 


268  ;  of  Orey  Seal,  xxx.  498  ;  of 
Hymna^  xxiii.  98  ;  of  Hyperoodont 
xxiii  470  ;  of  Mowidonf  xxiii.  486  ; 
and  Kidneys,  Form  of  (Cunningham), 
xxix.  501-517,  p.  xxi ;  and  other  Vis- 
cera, Cystic  Degeneration  of  (Meigs), 
xxvii  454. 

Splenial  Convolution,  xxv.  181. 

Splenic  Structures,  xxix.  480. 

Spongy  Bones  and  Meatuses  of  Nose, 
Disposition  of,  with  Especial  Refer- 
ence to  Fourth  (Highest)  Meatus, 
xxviii  68. 

Spur  on  Posterior  Limb  of  Monotremes, 
ixi  867. 

Squamosal  Line,  xxiii.  p.  xiv. 

Squatting,  Influence  of,  on  Form  of 
Tibia,  etc,  xxiii  682. 

Squint,  Detection  of,  xxi.  27 ;  Prisms 
for,  xxi.  38. 

Stain  for  Spermatozoa;  xxii.  183. 

Staphylococcus  Pyogenes  Aureus,  Ex- 
periments with,  xxi.  429;  Growth 
of,  in  Proteid-hydrochloride  Solu- 
tion, xxvii.  200. 

Starch,  Digestion  of,  xxL  858. 

Stature,  Relation  between  Brain- 
weight  and,  xxvi.  445. 

SUffonopodes,  xxix.  28. 

SUnopa,  BraiB  of,  xxv.  141  et  geq. 

StercorariidoB,  Skeleton  of,  xxiv.  543 
et  seq. ;  xxv.  60. 

Stereorarius,  Osteology  of,  xxiv.  544  ; 
xxv.  60  ;  xxvii.  840. 

Stereogram,  xxx.  119. 

Stereograph,  Broca's,  xxi  45. 

Stereophotochromoscope,  a  New  Op- 
tical Instrument  (Harris),  xxx.  118. 

Sterna^  xxiii.  89 ;  xxvii.  889. 

Stemarehtu  hrasilienw,  xxix.  419 
(note). 

StemincB,  xxvii.  842. 

Stemo-clavicular  Articulation'of  Catar- 
rhine  Monkeys,  xxviii.  166. 

SUmopygus,  xxix.  419,  520. 

Stewart,  C.  Cutaneous  Fold  from 
Neck  of  Goat,  xxiii.  p.  xxv ; 
Pineal  Eye  from  Varanus  salvator, 
xxiY.  p.  XV  ;  Scalp  of  Negro,  xxv. 

•  •  • 

p.  uu 
Stimuli    Action  of,    on   Non-striped 
Muscle,  xxiv.  195* 
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Stirling,  W.  Dry  Cover-glan  Micro- 
flcopioal  Preparations,  xxxy,  160 ; 
some  Beceut  and  some  New  Histo- 
logical Methods,  zziy.  601 ;  OntUnes 
of  Practical  Histology  (Notice),  xziv. 
618 ;  Effect  of  certain  Drogs  on 
Reflex  Excitability  of  Spinal  Cord, 
xxvi.  875. 

Stockman,  R.  Action  of  Benzoyl- 
Ecgonin,  xxi.  46. 

Stomach,  Absorption  of  Food  in,  xxv. 
421 ;  Carcinoma  ot,  xxviii.  146  ; 
Dog  living  without,  xzrii.  196 ; 
Functions  of,  xxviL  196 ;  Hour- 
glass, with  Peculiar  Pyloric  Orifice 
(Melsome),  xxiz.  p.  xxvi  ;  Irrit- 
ability of,  xxviii.  468 ;  Position  of, 
xxvii.  271 ;  Structure  of,  xxiv.  196  ; 
of  Clapeoid  Fishes,  xxvi  28 ;  of 
Dolphins,  xxiii.  478,  482 ;  of  Frog, 
Musculature  of,  xxiv.  195 ;  of 
Globioe^aikaltu  melas,  xxiii.  488; 
xxvi.  260 ;  of  Grampus  griaeuSf 
xxiii  489  ;  xxvi  59  ;  of  Grey  Seal, 
XXX.  488;  of  Hedgehog,  Histology 
of,  xxvii.  92  ;  of  Horse,  Reaction  in, 
XXV.  420  ;  of  Hyana,  xxiii  92 ;  of 
HyperoodoUf  xxiii.  470 ;  of  Meao- 
plodofif  xxiii.  466  ;  of  Micropteront 
xxiii.  466 ;  of  Monodan,  xxiii.  484 ; 
xxiv.  188-194 ;  of  Orea  gladiat&r^ 
xxiii  489  ;  of  Oreella  hretirostris, 
xxiii.  488  ;  of  Pkoccsna,  xxiii  476- 
488  ;  of  Risso's  Dolphin,  xxvi.  259  ; 
of  Ruminants,  Reaction  in,  xxv. 
898 ;  of  Ziphioid  and  Delphinoid 
Whales  (Turner),  xxiii  466. 

Stomato-gastric  System  of  Astaetu, 
xxii  889. 

Stone  Weapons  from  New  Guinea  (Cun- 
ningham), XXIX.  p.  xviii 

Stonham,  C.  Anatomical  Specimens 
and  Casts  of  Bronchi,  xxii.  p.  vi ; 
Casts  of  Bronchi  (title  only),  xxi 
682. 

Storks,  Osteology  of,  xxix,  21  et  mq. 

Strabismus,  Measurement  of,  xxi.  27. 

Strasaer,  H.  Alte  und  neue  Probleme 
der  Entwickelungsgeschichtlichen 
Forschung  auf  dem  Gebiete  des  Ner- 
vensystems  (Notice),  xxviii  880. 

Stratum  Corueumof  Skin  of  Hedge- 


hog, zxvii.  169;  Malp^ghii  of  Skin 
of  Hedgehog,  xxvii.  169. 

Streptoooccns  coll  giaciIiB»  zzr.  414  ; 
LiqaeiSuuens  ilei  and  Acidi  lactia, 
xxv.  408  et  9eq, 

Stromuhr,  xxiv.  465. 

Sirongylua  JUaria  in  Longs  of  Sheep 
(Bewley),  xxi.  874. 

Structural  Changes  in  Testidea  of  Aged, 
Persons  (Griffiths),  xxvii  474;  in 
Testicle  of  Dog  when  Replaced  within 
Abdominal  Cavity  (Griffiths),  xxvii 
488. 

Structure  of  Eye-ball,  Method  of  De- 
monstrating (Stuart),  xzv.  296 ;  of 
Inferior  Maxilla,  with  Spinal  Refer- 
ence  to  Position  of  Inferior  Dental 
Canal  (Fawcett),  xxix.  855  ;  of  Mao, 
an  Index  of  his  Past  (Wiedersheira) 
(Notice),  XXX.  816;  of  Placenta  of  Jfa- 
eacusrhaus,  xxvii.  868;  ofReticnlimi 
in  Cat's  Spleen  (Carlier),  xxix.  479 ; 
of  Urinary  Calculi  (Humphry),  szx. 
896  ;  and  Development  of  Ovum  in 
Annelid  (Beddard),  xxii  9  ;  -  and 
Formation  of  Optic  Nerve  (RoMa- 
son),  XXX.  819 ;  and  Fnnctioiia  of 
Brain  and  Spinal  Cord,  being  the 
Fullerian  Lectures  for  1891  (Hori- 
ley)  (Notice),  xxvii.  289. 

Struma  of  Thyroid  Body,  Congenital, 
xxvii.  418. 

Struthers,  John.  On  some  Points  in 
the  Anatomy  of  a  MegapUira  hmgi- 
mema,  xxii.  109, 240,441, 629;  Meth- 
ods of  Preparing  and  Preserving  the 
Brain,  Museum  Specimens  and  Dissec- 
tions, XXII.  p.  ix ;  on  Rider's  Bone, 
XXII.  p.  xi ;  Separate  Acromion  Ph>- 
cess  Simulating  Fracture,  xxii.  p.  xi; 
Right  Subclavian  Artery  arising  last 
from  Arch  of  Aorta,  xxii.  pw  xi ; 
Memoir  on  the  Anatomy  of  the 
Humpback- whale  {Megaptera  limgi* 
mana)  (Notice),  xxiv.  612 ;  Artko- 
lar  Processes  of  Vertebm  in  Gorilk 
compared  with  those  in  Man,  and  on 
Costo-vertebral  Variation  in  QodHa, 
xxvii.  181  ;  Rudimentary  Hind-limb 
of  a  Great  Fin-whale  (BaiaBncptera 
musculus)  in  comparison  with  these 
of  Humpback-whale  and  QreenUnd 
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Rigkt-wliale,    zxyiL    291 ;     Knee- 
joints   with   Complete   Septum   in 
Femoto-tibial  Part  of  Joint,  zzvii. 
p.  iii ;  Variation  in  Anangement  of 
Long  Flexor  Tendona  in  Sole  of  Foot, 
ZZVII.  p.  iv ;  Abnormal  Left  Verte- 
bral Artery,  ZXTII.  p.  iy ;  Varieties 
of  Branches  of   Abdominal  Aorta, 
ZZVII.  pp.  iv-vi;   Doable  Ureter, 
ZZVII.    p.    vi ;    Transposition    of 
Common  Iliao  Veins  and  Vena  Cava 
Inferior,  zzvii.  p.  vi ;  Commnnica- 
tion  between  Vena  Porta  and  Vena 
Cava  in  Horse,  zxvii.  p.  vi ;  De- 
velopment of  Bones  of  Foot  of  Horse 
and  of  Digital  Bones  Generally,  and 
Case  of  Polydactyly  in  Horse,  zzviii. 
51-62  ;  Carpus  of  Greenland  Bight- 
whale  (BcUcBJia  mysticetua)  and  of 
Fin-whales,  zxiz.  145  ;   Sternum  of 
Greenland  Bight-whale,  xxix.  598  ; 
Anatomy  of  a  Beluga  {DelphinapUnu 
leueas)^  xxx.  124. 
Struthious  Types,  xxix.  34. 
Strychnia,  Absorption   of,   from    the 

Bladder,  xxL  803. 
Strychnine   and  Curarine  Compared, 

xxiv.  405. 
— ^~  Sulphate,  Action    of,  on  Non- 
striped  Muscle,  xxiv.  205. 
Strychnos,  xxiv.  402 ;  xxv.  57 ;  xxvii 

405 ;  xxviii«  106. 
Stuart,  T.  P.  A.  Mode  of  Demon- 
strating Gross  Structure  of  Eye- 
ball xxv.  295 ;  Simple  Means  of 
Explaining  Nature  of  Diplopia,  xxv. 
.  297 ;  New  Mode  of  Demonstrating 
Bdation  of  Two  Sides  of  Retina  to 
Outer  World,  xxv.  298 ;  Spear  Flag 
Indicator  for  Muscle-nerve  Demon- 
strations, xxv.  299  ;  Mode  of  Demon- 
strating Developing  Membranes  in 
Chick,  xxv.  299  ;  Method  by  which 
Accurate  Drawings  may  be  made 
by  Amateurs,  xxv.  300;  Note  on 
Muscles  of  Rudimentary  Ears— Pen- 
dants of  Neck— in  Pigs,  xxv.  301 ; 
Position  of  Epiglottis  in  Swallowing, 
xxfi.  231 ;  Stuffed  Head  of  Bell  Pig, 
xxv  I.  p.  i;  Model  of  Horizontal 
Section  of  Eye,  xzvi.  p.  ii;  Mem- 
brane in  Front  of  Vitreous,  zzvi.  p. 


ii;  Ciliary  Region  of  Eye,  zzvi.  p. 
ii;  Tubercle  on  Posterior  Border  of 
Great  Trochanter,  zxvi.  p.  v. 

Stader,  T.  Crania  Helvetica  Antiqua 
(Notice),  xxix.  882. 

Studies  in  Peritoneum :  its  Arrange- 
ment in  Animals  (Robinson),  xxx. 
848. 

Stirops,  Jerkings  of,  xxviii.  454. 

Sturgeon,  Liver  of,  xxv.  178. 

Slm^rmUa,  Skeleton  in  (Shufeldt),  xxii. 
809,  850 ;  magna  negUcta,  xxii. 
810  e<  uq. 

StumidcR,  xxii.  309. 

Stufmua  vulgaris,  xxii.  809 ;  Mon- 
strosities in,  xxvii.  416. 

Stylo-hyoid  Muscle,  Double,  xxi.  78. 

Sub-Arctic  Water  Birds,  Osteology  of 
(Shufeldt),  xxiiL  1,  65,  400,  537  ; 
xxiv.  89,  169,  543 ;  xxv.  60,  409. 

Subclavian  Artery  arising  from  Pul- 
monary Arch,  XXL  98. 

Subdivision  of  Pouch  of  Douglas  into 
Three  Fossae,  xxvii.  557. 

Sublingual  Plate  in  Lemur%d(B  and 
ChiromyicUEf  xxvi.  391. 

Suboc(Apital  Region,  Anatomy  of 
(Grttubanm),  xxv.  428,  p.  xi. 

Sub-peritoneal  Fat,  Transition  of, 
through  Abdominal  Ring,  xxii. 
517. 

and    Sub-pleural   Connective 

Tissue,    Planes    of    (Anderson    k 
Makins),  xxv.   78,  p.  xix. 

Subserous  Cysts  of  Tunica  albuginea, 
xxviii.  122. 

Substantia  Gelatinosa  Rolando,  xxix. 

la 

SktdiSt  xxix.  128. 

Suggestion  concerning  the  Phylogeny 
of  the  Mammalian  Respiratoiy  Ap- 
paratus (Howes),  xxiil  268. 

Sulci,  Development  of,  on  Surface  of 
Island  of  Reil  (Cunningham),  xxv. 
838. 

Suleus,    External     Parieto  -  occipital, 

XZIII.  p.  XV. 

— ybrf»t«a<iw,  xxv.  144. 

■  Post   and  Pre-centralis,  zxv, 

p.  xi. 
Sull  'origtne  e  Decorso  del  Peduncoli 

Cerebellari  e  bui  loro  Rapporti  Cogli 
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attri  Ceniti  Kervosi  (Marchi),  zzvi. 
568. 

Superior  Articular  Oavity  of  Atlas, 
zxviL  538  ;.  Calcaneo-cuboid  Liga* 
ment,  xzviii..  155 ;  Interpelvic  and 
InterfezDoral  Membrane  of  Whale, 
xzvii  809 ;  Vena  Cava,  Doable 
(Howden),  zzi.  72-75. 

Supernumerary  Auriclea  (Bland  Sut- 
ton), XXL  289 ;  Mamme  and  Nipples, 
xxyii.  421;  zxviii  876;  xxix.  467; 
Digits,  xxi.  505 ;  xxix.  468 ;  Ele- 
ments in  Human  Embryos,  xxix. 
468  ;  Legs,  xxiii.  390  ;  Nasal  Carti- 
lages, Unnamed  (Downie),  xxvii. 
181 ;  Ovary,  xxtl  486 ;  Pollex, 
zzvii.  p.  xiii ;  Ribs,  xzviii  875 ; 
Teeth,  xxv.  285  ;  xxviii.  27,.  874 ; 
in  Molar  Region  (Tamer),,  xxyi.  60 ; 
Ureters,  xxvL  487.. 

Supero  -  internal  Galcaneo-  naTicnlar 
Ligament,  xxx.  395. 

Supporting  Cell  of  Olfactory  Organ, 
xxviii.  388. 

Suppuration,  Blood  in,  xxy.  487. 

Supracondylar  Ligament  at  back  of 
Knee,  Accessory  (Eempson  k  Pendle- 
bury),  xxYiii.  p.  iv. 

Supra-orbital  Border  in  Birds,  xxix. 
81 ;  Glandular  Depressions  of  Chionis 
minoTf  xxv.  512 ;  of  Laridcs  and 
^ynehops,  xxv.  72 ;  Qyrus,  xxv.  132. 

Suprarenal  Body  and  Kidney,  Ab- 
normal Arrangement  of  Arteries  in 
Neighbourhood  of  (Hughes),  xxvi 
305. 

Suprarenals,  Absence  of,  xxviii.  870 ; 
xxix.  465 ;  Accessory,  xxvi.  552 ; 
Anatomy  of  (RoUeston),  xxvi  548, 
p.  xxi ;  Position  of,  xxvii.  271  ; 
Relation  of  Mesonephros  to,  xxii 
471;  of  Grey  Seal,  xxx.  498;  in 
SymeUan  Monster,  xxv.  208. 

Suprascapular  Vein,  Peculiar  Arrange- 
ment of  (Smith),  xxix.  99. 

Snpra-splenial  Convolution,  xxv.  181. 

Supra-sylvian  Convolution,  xxv.  127. 

Sur  les  plis  c^rebraux  des  L^uriens  en 
general  et  du  Loris  grele  en  partioolier 
(Chudzinski)  (Notice),  xxx.  812. 

Surface  Anatomy  of  Carnivorous  Brain, 
xxx.  8. 


Sub  9crofa,    Abnonnal  Kidneys    of^ 
xxix.  16, 17. 

Suspension,    Effect   of,    apovt   Spinal 
Column  (Oagney),  2XIT.  p.  xiiL 

Sustentacnlar  Tiasae  of  Optia  Kerre, 
XXX.  826. 

Sutton,  J.  Bland.  A  Case  of  Secondary 
Astrsgalns,  xxt  888 ;  on  Branchial 
Fistula,    Cysts,     Diverticula     and 
Supemnmerary  Auricles,  xxi  289; 
Carious  Dropsical  Condition  of  an 
Axolotl,  xxi,  670  ;  a  Critical  Stody 
in  Cranial  Morphology,  xzii  28,  p. 
iii ;   on  the  Nature  of  Ligaments, 
xxiL    542;    Ossification   of  Sknll, 
XXII.  p.    xiii ;  Vestigial    Moades, 
XXII.   p.  xvii ;  Morpholi^gy  ni  tbe 
Deep  Extensors   of  the   Ftee-nim, 
xxir.  pi.  xix ;  on  the   Nature   of 
Ligaments,   xxiiL  256 ;  Bespimtion 
in   New-bom    Children^   xxiii.    p. 
viii  ;  Nature  of  the  Vocal  Corda  and 
the  Hyo-epiglottic  Mnsde,   xxiii. 
p.   ix  ;   Rabbit's  Spine   containing 
a  Half  Vertebra   on  Left    Side  of 
Lumbar,  xxrv.  p.    xv;    Fallopian 
Tubes   from    Macacos   rhesus   and 
Osnma  Mi,  xxiv.  p.  xv ;  Sections 
from  Growing  Antler   of    a    Stag 
{Cervus  tlaphus),   xxvi.   p.    xvii ; 
Occasional     Articulation     between 
Cuboid  and   Head    of  Astra^na, 
XXVI.  p.  xviii ;  Rudimentary  Snper- 
mimerary  Pollex,   xxvil   p.   xiii ; 
Cotyloid    Bone  in   Pelvis   of    C^ 
XXIX.  p.  xxvii. 

Suture,  Ethmo-naso-maxillary,  xxiv. 
358;  M^topique  et  ses  Rapports  avee 
la  Morphologie  Cranienne  (PapilUidt) 
(Notice),  xxx.  584 ;  Orbito-maxiUary 
Frontal  (Thomson),  xxiv,  849-S57 ; 
Parieto-sphenoidal,  xxvi.  7» 

Sutures,  (Condition  of,  xxvi.  6 ;  in 
Puigab  Skulls,  xxviu  10. 

Swallowing,  Position  of  Epiglottis  in 
(Stuart  k  M'Cormick),  xxvL  281. 

Swallows,  Cephalic  Ganglia  of,  xxix. 
100. 

Swim-bladder,  Red  Glands  in  (Vinoe&t 
k  Barnes),  xxx.  545;  of  Clapeoid 
Fishes,  xxvi  27;  of  SUwnidm, 
xxix.  119  «<  seq^ 
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Swinging  Postare,  DispOBition  of  Ver- 
tebral Column  in  (Cagney),  zxiv. 
585. 

Sylvian  Gonvolation,  zxy.  127  ;  Foesa, 
xzv.  118. 

Sylvische  Farcbe  nod  Reilsche  Insel 
deB  Genua  HylobaUs  (Waldeyer) 
(Notice),  xxviiL  880. 

Symeles,  xxx.  170. 

Symelian  Monster,  Dissection  of 
(Benington),  xxv.  202;  (Manners- 
Smith),  xxx.  169. 

Symington,  Johnson.  On  Bnlbi- 
cavemosi  in  Women,  xxiii.  p.  ii ; 
Demonstration  of  Auditory  Air  Pas- 
sages, XXIII.  !>.  ii ;  Two  Adult  Tem- 
poral Bones,  with  Non-union  of 
the  Squamous  and  Petro-mastoid 
Portions,  xxiii.  pp.  ii-v;  Nares 
and  Epiglottis,  xxiii.  p.  xxii; 
Lumljar  Curve  in  Spine  of  Gorilla, 
xxiii.  p.  xxv ;  Rectum  and  Anus, 
xxiii.  100 ;  Vertebral  Column  of  a 
Young  Gorilla,  xxiv.  42  ;  Organ  of 
Jacobson  in  Kangaroo  and  Rock 
Wallaby  (Mcicropus  giganteus  and 
Petrogale  penieillcUa)^  xxvi.  371  ; 
Relations  of  Peritoneum  to  De- 
scending Colon  in  Human  Subject, 
XXVI.  530,  p.  xxi ;  Cerebral  Com- 
missures  in  Maraupialia  and  Mono- 
tremata,  xxvii.  69 ;  Horizontal 
Section  through  Abdomen,  xxvii. 
p.  ii  ;  Heart  with  Unusual  Arrange- 
ment of  Papillary  Muscle,  xxvii.  p. 
iii ;  Homology  of  Dumb-bell-Shaped 
Bone  in  OmUhorh/yTichuSf  xxx.  420  ; 
Genu  Valgum  Adolescentium,  xxx. 
p.  XX  ;  Brain  of  Echidna,  Xxx.  p.  xx. 

Symmelia,  xxx.  462 ;  of  Anence- 
phalous  Foetus,  xxviii.  421. 

Symmers,  W.  St  C.  Skull  with 
enormous  Parietal  Foramina,  xxix. 
829. 

Symmetrical  Depressions  on  Exterior 
Surface  ofP&rietal  Bones  (Shepherd), 
xxvii.  501. 

Symnobranehus,  Air-bladder  wanting 
in,  xxix.  528  (note). 

Sympathetic,  Cervical,  of  Rabbit, 
xxix.  101 ;  Nerve  Cells,  Histological 
Changes    in   (Mann),    xxix.    100  ^ 


System   in   Sea-Turtle,    xxu     16 ; 

Stimulation,  xxi.  18. 
Symphysial  Angle,  xxvi.  p.  xxiv. 
Sympus,  XXX.  170. 
Syneephalus  dileeanus,  xxvi.  482. 
Syndactyly,  xxvii.  422  ;  xxviii.  876. 
SynodanHs,  xxix.  211,  218,  421,  550' 

et  seq. ;  schal,  xxix.  120  (note), 
Synorchis,  xxii.  58. 
Synostosis  of   Vertebra   (Lock wood), 

xxv.  p.  iv. 
Synotia,  xxvii.  p.  xvi. 
SyrUhliborhamphtUj  Skeleton  of,  xxiii. 

400   et   seq, ;    aTUiquut,    xxiii.    4 ; 

Osteology  of,  xxiii.  401  ;  xxiv.  110. 
Syphilis,  Evolution  of,  xxi.  240. 
Syreniforma   or  Sjrren-like  Monsters, 

xxx.  170. 
SyrrhapteSt  Osteology  of,  xxv.  524. 
Systems  Nerveux  de  I'Homme  (Gehuch- 

ten)  (Notice),  xxviii.  880. 

Table  of  Expkbimsnts  with  Cuba- 
bine  ,  xxv.  46  ;  of  Measurements  of 
TibisB,  xxviii.  13 ;  of  Punjab  Skulls, 
xxvii.  16. 

Toenia  coli^  xxx.  854. 

Tenia  Hippocampi,  xxviii.  233,  284. 

Tail  of  Fcetal  Dugong,  xxviii.  822  ;  of 
Grey  Seal,  xxx.  414  ;  of  Manx  Gat, 
xxviiL  375 ;  of  Monster,  xxv.  208, 
204,  208 ;  and  Lateral  Amnion 
Folds,  xxiv.  11  ;  of  Megaptera,  xxii. 
115. 

Talipes  Equinus  and  Cavus,  xxviii. 
462  ;  Varus,  xxvi.  487,  xxviii.  468. 

Talpa,  Brain  of,  xxv.  107  ^  seq, ;  xxx. 
193  ;  Muscles  of,  xxiv.  76. 

Tanagers,  Skulls  of,  xxii  819. 

Tenrec,  Sacrum  of,  xxvii.  549. 

TarUalidcB,  xxix.  23. 

Tapir,  Hyoid  of,  xxx.  528  ;  Osteology 
of,  xxx.  508 ;  Malayan,  Tendo-' 
Achillis  of,  xxviii.  417. 

Tarenetzky,  A.  Weitere  Beitrage  sur 
Craniologie  der  Bewohner  von 
Sachalian-Aino,  Giljaken  und  Oroken 
(Notice)  xxviii.  885. 

Targett,  J.  H.  Congenital  Dislocation 
of  Hip,  xxx.  p.  X. 

Tarso  •  metatarsal  Ligament,  beep 
Transverse,  xxviii.  156.  ^ 

I 
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Tartar,  Accmnulation  of,  xzv.  461. 

Tasmanian  Devil,  Anatomy  of,  xxL 
104,  117,  128 ;  Wolf,  Premaxilla  of, 
xxz.  425. 

Taste-bulbs,  zzii.  499 ;  zziil  569  ; 
xxiT.  86  ;  of  Fiber,  xxa  187. 

Taste-oi^DB,  Development  of,  in  Man, 
zziU.  559  ;  of  Mammalia  (Tucker- 
man),  xzv.  505 ;  of  Man  (Tucker- 
man),  zzlv.  180;  of  VulpeSf  xziii. 
201. 

Tattooed  Skin  (Turner),  xxvii.  p.  ii. 

Taiuna  novemcinda,  Sacral  ^b  in, 
zzvii.  545. 

Tauro-  atkd  Olyoo-Cholate  of  Soda  in 
Relation  to  Secretion  of  Urea  (Eding- 
ton),  zzz.  215. 

Taurocholic  Acid,  zzL  285,  421. 

Tazonomy  of  North  American  Paln- 
dicoline  Birda^  zzviii.  82. 

Teeth,  Inoisor,  Relationship  of  Al- 
veolar Form  of  Cleft  Palate  to 
(Turner),  xxv.  p.  viii ;  Lost  in  Man 
(Windle),  zzL  84 ;  Supernumerary, 
zzv.  285,  zzviii.  27,  874;  Super- 
numerary, in  Molar  Region  (Turner), 
zzvi.  60-61 ;  Tumours  Connected 
with  (Windle  k  Humphrys),  zzL 
665 ;  Unconnected  with  Mazillae, 
zzviiL  88 ;  of  Bdphinapterus^  zzz. 
186. 

Teleostei,  zzvi  88 ;  Formation  of  Gut 
of,  zzv.  177  ;  Kidney  in,  zziv.  407 ; 
Ovary  in,  zzL  179 ;  Ovary-duct  of, 
zziv.  408  (note) ;  Pectoral  Girdle  of, 
zziz.  118. 

TellintB,  zziiL  477  (note). 

Temperature,  Effect  of,  on  Egg,  zzz. 
458  ;  Effect  of  Nitrate  of  Sodium  on, 
zzii.  289  ;  Effect  of  Nitro-glyoerine 
on,  zxii.  868. 

Temporal  Foesa  (Corner^  zzz.  877. 

Temponuren  Furchen  of  Ecker,  zziv. 
812. 

Temporo-mazUlary  Articulation,  Re- 
lation of  Dura  Mater  surrounding 
Inferior  Mazillary  Nerve  to  (Faw- 
oett),  zzvii  179 ;  of  JklphinapUrui, 
xzz.  145. 

Tench,  Temperature  of,  zzv.  876. 

Vendo  -  Achillis,  Morphology  of  (Par* 
jons),  xxYiii.  414,  p.  zz« 


Tendons  of  Long  Flezors  of  Sole  of 
Foot,  Variation  in  (Strathers),  zzvii. 
iv. 

Tennant,  J,    CSolour  Yiaiony  xzz.  106. 

Tension  of  Membranes  (Woods),  zzvi 
862. 

Tentorium  in  Microcephaly,  zzviiL 
424. 

TenuiroatreSf  Hyoid  of,  zzz.  519. 

Teratological  Literature,  Reports  on 
recent  (Windle),  zzv.  488-442; 
zzvi.  480-444;  zzvii.  415-427; 
zzviii.  870-879;  zziz.  468-470;  zzz. 
451-464  ;  Polydactyly,  zzviii.  877. 

Teratoma  Springing  from  Sphenoid  of 
Calf,  with  results  (Windle),  zziL 
428  ;  of  Basi-sphenoid,  zzviii  874. 

Teratomatous,  Tumour  in  Pericardium, 
zzv.  441. 

Teratoplastic  Family  (Fere),  xzz.  4!^1. 

Tercentenary  of.  Compound  ICicto- 
Boope,  xxY.  pp.  iv-zzi. 

Termination  of  Nerves  in  CapiUariea, 
zzu.  188. 

Tern,  Arctic,  Osteology  of,  zztIL  839. 

Terns,  zziii.  5,  zziv.  545 ;  zzriii.  336 
et  9eq,  ;  Osteology,  zzv.  71. 

Terrapin,  Anatomy  of,  zzL  2.  6,  9,  11, 
16 ;  O>ntraction  of  Heart  ia, 
zziL  7. 

,  Slider,  zzL  7,  8,  9. 

Teskusea,  zziii.  477. 

Testes,  Arrested  Growth  of,  Effects 
upon  Prostate  in  Man,  zziv.  36 ; 
Effects  upon,  of  Ligature  of  Sper- 
matic Arteiy,  Spermatic  Veins,  and 
of  both  Artery  and  Veins  (Griffiths), 
zzz.  81 ;  Retained  in  Man  and  in 
Dog,  zzviii.  209 ;  in  Sirenomele, 
zzz.  510;  and  Prostate  Gland  in 
Eunuchoid  Persons  (Griffiths),  xzviii« 
221 ;  Appendiz  of,  zzviii.  107 ; 
Changes  of,  in  Aged  Persons 
(Griffiths),  zzvii.  474 ;  Changes  of, 
in  Dog,  when  replaced  in  Abdominal 
Cavity  (Griffiths),  zzvii.  488 ;  De- 
prived of  its  Cremaster  Mosde, 
xzvii.  497 ;  Small,  zziz.  18 ;  Tin* 
descended  with  Rudimentary  Vas 
and  Misplaced  Kidney  (HowdenX 
xzL  551. 

Testicles^  Additioiial,  xzviiL  81 ;  of 
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Risso's     Dolphin,     zzn.    265 ;    of 
Symelian  Monster,  xxv.  203. 

Testis,  Development  and  Transition  of 
(LockwoodX  zzi.  635  ;zxii.  38,  461, 
505,  p»  zxyi;  Undescended,  in 
Rabbit  (Woodward),  xxii.  p.  xxi ; 
Undescended,  Right,  with  Hyper- 
trophy of  Left,  in  Monkey  (Sibley), 
zzii.  p.  xziy ;  of  Grey  Seal,  zzz. 
493. 

Testudo,  Temperature  of,  xxv.  377 ; 
europCBa,  Upper  Limb  Arteries  of, 
xxrii.  380  ;  Lower  Limb  Arteries  of, 
xxvii.  398  ;  grceea,  xzL  7  ;  Scoliosis 
in,  xxiiL  297. 

Tetanas  in  Relation  to  Kerre  Injury, 
xxir.  474. 

Tetra  -  ethyl  -  ammonium.  Poisoning 
with,  xxiy.  389. 

Tetra-methyl-ammonium,  Poisoning 
with,  xxiv.  389. 

Tetrodon,  Sounds  Emitted  by,  xxix. 
139,  407,  533. 

Text-book  of  Animal  Physiology 
(Mills)  (Notice),  xxiv.  612;  of 
Human  Anatomy,  Systematic  and 
Topographical  (Macalister)  (Notice), 
xxiy.  612 ;  of  Human  Physiology 
(Flint)  (Notice),  xxiv.  612  ;  of  Mor- 
bid  Histology  for  Students  and 
Practitioners  (Boyce)  (Notice),  xxvi 
575. 

Thane,  G.  D.  Thoracic  Viscera  in 
a  Case  of  Situs  Inversus,  xxii.  p.  xii ; 
Obliteration  of  Gceliac  Axis,  xxii. 
p.  xvii ;  Abnormal  Muscles  of  Leg, 
xxv.  p.  xiii ;  Quain's  Elements  of 
Anatomy,  10th  ed.  (Notice),  xxvi. 
578 ;  Divided  Internal  Guneiform 
Bone  and  Humerus  with  Double 
Spiral  Groove,  xxviii.  p.  xx. 

Thein,  Experiment  with,  xxi.  54  (note). 

Theobromin,  Action  of,  xxi  54  (note). 

Theraporit  xxix.  127  (note). 

Thermal  Stimuli,  Action  of,  on  Non- 
striped  Muscle,  xxiv.  200. 

Theromorphons  Reptiles,  xxvi.  408. 

Theropodaf  Sacrum  of,  xxvii.  550 
(note). 

Thigh  Bone,  Angle  of,  at  various  Ages, 
etc.  (Humphry),  zxiii.  p.  viii, 

XMnoeorieUBf  xxix.  24, 


Theory  to  Account  for  Various  Ai> 
rangements  of  Flexor  Profundus 
Digitorum  in  Hand  and  Foot  of 
Primates,  xxviii.  385  ;  of  Gausatlon 
of  Symelian  Monsters,  xxx.  181 ;  to 
Explain  Evolution  of  Warm-blooded 
Vertebrates  (White),  xxv.  374-385. 

Thompson,  D'A.  Fishes'  Skeletons, 
XXIII.  p.  xxv. 

St    C,      Anatomy  of    Nasal 

Gavity  and  its  Accessory  Sinuses,  an 
Atlas  for  Practitioners  and  Students 
(Notice),  xxix.  471. 

Thomson,  Arthur.  Plan  for  Mounting 
Frozen  Sections,  xxix.  p.  xii ; 
Pterion  in  Diflferent  Races  of  Men, 

XXII.  p.  xxvii ;  Influence  of  Posture 
on  Form  of  Articular  Surfaces  of 
Tibia  and  Astragalus  in  the  Different 
Races  of  Man  and  the  Higher  Apes, 

XXIII.  616,  p.  xxv ;  Additional  Note 
on  Influence  of  Postare  on  Form  of 
Articular  Snrfiu^s  of  Tibia  and  As- 
tragalus in  Different  Raoes  of  Man 
and  Higher  Apes,  xxiv.  210  ;  Orbito- 
maxillary  Frontal  Suture  in  Man 
and  Apes,  with  Notes  on  Varieties  of 
Human  Lachrymal  Bone,  xxiv.  849 ; 
Acromegaly,  with  Description  of 
Skeleton,  xxiv.  475;  Reports  of 
Gommittee  of  Gollective  Investiga- 
tion of  Anatomical  Society,  xxv.  89  ; 
xxvi.  76  ;  xxvii.  183 ;  xxviii.  63 ; 
xxix.  35 ;  Note  on  Skin  and  Scalp 
of  Negro  Foetus,  xxv.  282,  p.  iii ; 
Development  of  Epidermic  Layers  of 
Skin,  XXVII.  p.  xvii ;  Microcephaly 
and  Infantile  Hemiplegia,  xxviii, 
419. 

Thoracic  Duct,  Absent  (Smith  k  Bir» 
mingham),  xxiii.  532 ;  Invernon  of, 
xxvL  489  ;  Malformations,  xxvi  437. 

—  Muscle,  Anomalous,  Gon- 
nected  with  Diaphragm  (Shepherd), 
XXX.  168. 

Thoraco-melus,  xxviii  38. 
Thoracopagous  Twins,  xxx.  457. 
Thorax  of  Mierooephalic  Idiot,  xxviii. 

439 ;  of  Symelian  Monster,  xxv.  208; 

Rotation  of,  in   Shoenudcer,    xxii. 

699 ;  Transposition  of  Viscera  of 

(Taraer),  xxvii,  p.  ii^ 
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Thomback,  MeasnxementB  of  Kidneys 
of,  xziv.  409 ;  Variation  in  Kidney 
of  (Howes),  zziY.  407. 

Thumb,  Moyements  of  MeUcarpopba- 
Itngeal  Joint  of  (Parsons),  zziz.  446 ; 
and  Great  Toe,  Adductor  Muscles  of, 
xxviL  408. 

Thunny,  Temperature  of,  xzr.  876. 

Thurston,  E.  Anthropology  of  the 
Todas  and  Kotas  of  the  Nigiri  Hills, 
and  of  the  Brahmans,  Kammilans, 
Pallia,  and  Pariahs  of  Madras  City 
(Notice),  xzz.  584. 

Thwaite,  Shad,  zxvi.  26  a  uq. 

Thylaeinm,  zzv.  118  (note);  Anatomy 
of,  zxi.  107  UHq,,2,l%\  Brain  of, 
ZKYii.  70  €t  ieq.,  xxz.  187  ;  Limb, 
Plexuses  in,  xxi.  619 ;  Median  Sup- 
plying Lumbricals  in,  zxL  580; 
Muscles  of,  xxiir.  75;  Nerve  to 
Quadratus  Femoris  in,  xxiii.  855 ; 
Kerve  Supply  of  Muscles  in,  xxix. 
92 ;  Osteology  of,  xxiv.  859 ;  Sacral 
plexus  of,  xxiii.  292  et  seq.  ;  -eyno- 
eephalus,  Muscles  of,  zxvi.  175 ; 
Premaxilla  of,  xxz.  425. 

Thymus  of  Anenoephalous  Foetus, 
zzz.  249. 

Thyro-gloBsal  Duct,  zziz.  234  ;  (Kan- 
thack),  XXV,  155 ;  or  Canal  of  His 
(Marshall)^  zxvi.  94. 

Thyroid  Gland,  zzvi.  95;  Accessory, 
zzY.  161 ;  Colloid  tu  Lymphatics 
and  Blood-vessels  of,  in  Goitre, 
(Home),  xzvii  161 ;  Congenital 
Struma  «f,  zzvii.  418 ;  Ligaments  of 
(Berry),   xxil.   p.   iv ;  Nerve  Ter- 

.  minations  in  (Fraser),  zxiv.  p.  ii ; 
Variations  in  Form  of  Human.  (Mar- 

.    shall),  zziz.  284. 

Tibio-metatarsal   Ligament,  Internal, 

.  ^  of  Quadrumanm,  zzviii  153. 

Tiger,  Brain  of,  zzii.  561,  zzv.  127; 

.  Ovary  of,  zzi.  171, 174 ;  Transverse- 
humeral  Ligament  in,  zxiii.  p. 
zzi. 

TUlie,  J.  Pharmacology  of  Curare 
and  its  Alkaloids,  zziv.  879,  509, 
zzv.  41 ;  Hemoglobinuria  in  Blood- 
pressure  Ezperiments,  zzv.  550 ; 
Variety  of  Curara  Acting  as  Muscle- 
poison,  zzviii.  96;  Arrow-j^son  irom 


New   Granada   and    its   Botazikal 
Source,  zzvii.  402. 

Tinatmou  robuUus,  Osteology  of,  zziu. 
414. 

7Hnamu9,  Osteology  of,  zxv.  520. 

Tinea  vulgaris,  zziz.  523. 

Tissues,  Fresh  and  Hardened,  ICethods 
of  Imbedding  (Robertson),  xziv. 
230. 

Toad,  Cloaca  of,  zzL  367 ;  Vertebral 
Skeleton  of,  xxir.  p.  zvL 

Toads,  Laiynz  and  Tarsus  of,  xziv. 
420. 

Tone  of  Capillaries,  zziv.  488. 

Tongue;  Bifid,  zziL  482 ;  zzviiL  28, 
874 ;  Duplicity  of,  zzviii.  29  ;  and 
Gustatory  Organs  of  Fiber  xibeikieua 
(Tuckerman),  zzii.  135  ;  of  Delphi*' 
apterus,  zzz.  136  ;  of  Foetal  Mana- 
tee, zzviii.  881 ;  of  Hedgehog, 
Histology  of,  zzvii.  85  ;  of  Hyeena, 
zziii.  91 ;  of  Man,  zxiv.  180 ;  of 
Fulpes  vtUgariSf  xxilL  201. 

Tonicity  of  Wall  of  Bladder,  Rhythmi- 
cal Variations  in,  xxix.  254. 

Tonsil,  Pharyngeal  (Hill),  xxiY.  p.  ziv. 

Topinard,  P.  L'Homme  dans  la  Katuie 
(Notice),  xxvi.  578. 

Topographical  Anatomy  of  Abdomen 
(Brooks),  XXIY.  p.  vii ;  of  Foor- 
chette  (Blacker),  xxz.  288,  pu  iL 

Topography,  Cranio-oerebral  (Ander- 
son k  Makins),  xxiii.  455  p.  -rin  ; 
of  Fissure  of  Rolando,  xzv.  9 ;  of 
the  Pyramidal  Tract  (Sherrington), 
XXIII.  p.  xvii  ;  of  Rectum  (Miehell}, 
XXVI.  p.  xxi ;  of  Skull  Cunning- 
ham), XXIII.  p.  xi;  of  Sylvian  Fis- 
sure, XXV.  288  ;  of  Viscera,  zzvii. 
265. 

Torres  Straits,  Skulls  from,  xxix.,  p. 

.  •• 

XVUl. 

Torpedo,  Olfactory  Organ  in,  xzviii. 

897. 
Tortoise,  Bladder  andlJrethxa  of,  xxix. 

268  ;  Brain  of,  xxx.  157 ;  Cardiac 

Beat  in,  xxii.  8 ;  Pelvis  of,  zxvii. 

553  ;  Land,  xxi.  5, 19. 
Totalfalten  of  His.,  xxiv.  809. 
ToianuB  eolitariua,  Osteology  of, 

523, 
Toxalbumens,  sgcvi  410. 
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Tracliea,  TriAircaiion  of,   xxvi   488  ; 

of  Grey  Seal,  xxz.  496. 
Traehelyopienu   ieeniatuSj  zxix.    211 

(note). 
Tracts  of  Brain,  zzriL  286. 

Transfheion,  Peritoneal,  Value  of,  xxi. 
468;  of  Blood,  Intra  -  peritoneal 
(Hunter),  xxi.  138,  264,  450. 

Transition  of  Ovary  or  Testis,  xxiL 
464 ;  of  Sab-peritoneal  Fkt  and  Lipo- 
ma of  Spermatic  Cord,  xxii.  517  ;  of 
Testis  (Lockwood),  xxii.  p.  xxvi. 

Transitional  Forms  between  Apes  and 
Man  (Tamer),  xxix.  424. 

Translation  of  Foreign  Biological  Me- 
moirs (Burdon-Sanderson)  (Notice), 
xxiL  307. 

Transmission  of  Acquii-ed  Characters, 
Bearing  of  Morphological  Peculiari- 
ties in  Panjabi  on  (Charles),  xxyiii. 
271. 

Transplantation  of  Bone,  etc.  (McGreg- 
or), xxvi  220. 

Transposition  of  Aorta  and  Pulmonary 
Artery  (Sanders),  xxvii.  464 ;  of 
Common  Iliac  and  Vena  Cava  In- 
ferior, zxYii.  p.  vi ;  of  Heart,  xxix. 
466 ;  of  Stomaoh,  Duodenum,  Bili- 
ary Passages,  Pancreas,  and  Spleen, 
xxix.  467  ;  of  Viscera,  xxv.  441, 
xxvii.  417,  (Griffith)  Mcv.  p.  xriii, 
(Turner)  xxvn.  p.  ii  ;  with  Con- 
genital Malformation  of  Heart  and 
Vascular  Abnormalities  (Griffith), 
xxvi.  117. 

Transverse  Ligament  of  Knee  Joint, 
xxix.  896 ;  Multiple,  xxix;  397 ; 
Process  of  Atlas,  xxvii.  585  ;  Vibra- 
tions of  Strings,  Law  of.  Applied  to 
Human  Larynx  (Woods),  xxvii.  431. 

Transversos  Nuchse,  Rare  Form  of 
(Clarke),  zziii.  p.  xxiv. 

Traumatic  Bodies  in  Joints,  xxiv. 
361. 

Tree  Porcupine,  Hair-nerves  of,  xxvii 
229. 

Trematodes,  xxv.  175. 

Treves,  Fred.  A  Gluteal  Trochanter 
in  the  Human  Subject,  xxi  325. 

Triaeamthus,  xxix.  139,  409. 

Triangular  or  Interorural  Ligament  of 
Whales,  xxvii  801. 


Tribes  and  Castes  of  Bengal  (Bisley) 
(Notice),  xxvi.  277. 

Trieeraiops,  Sacrum  of,  xxvii  560  (note). 

Trieheehtu,  Brain  of,  xxii  554  ;  Mus- 
cles of,  xxiv.  77. 

Tnehogcuter,  xxix.  188. 

Tricuspid  Disease,  xxiii.  47. 

Stenosis,  xxiii  66. 

Trifurcation  of  Trachea,  xxvi  438. 

Trigeminal  Boot,  Descending,  xxix.  12. 

Trigla,  Sound  Production  in,  xxix. 
126,  205,  228;  Swim-bladder  of, 
XXX.  551. 

Trignathus,  xxviii  28. 

Trigonum  Vesicse,  xxv.  542. 

Trimethylamine,  xxv.  897. 

Tringa^  xxix.  22. 

Triple  Stain.,  for  Spermatozoa,  xxii 
133. 

Triradiate  Fissure,  xxv.  145. 

Triton  cristatuSf  Scoliosis  in,  xxiii 
297. 

Troglodytes,  Shoulder  of,  xxviii  164 ; 
Skull  of,  xxiv.  354  ;   ecUmis,  Ana- 
tomy of,  XXX.  318  ;  niger.  Brain  of, 
XXX.  818  ;  Myology  of,  xxvii  351. 
Trompe  Cystiques,"  xxvi  31. 

Trophoblast,  xxvi  309. 

TropidonotfM,  Physiology  of  Heart  of 
(Stills),  xxii  1^  neUrix,'  Embryos  of, 
xxvii  416;  Tuberculosis  in,  xxiii 
642. 

Trout,  British,  xxiv.  420 ;  Ova,  In- 
fluence of  Electricity  and  Magnetism 
on,  xxix.  .350. 

True  Capsule  of  Knee-joint  (Higgins), 
XXX.  289,  p.  iv» 

Trunk  of  Elephant,  Skin  of,  xxiv.  493. 

Tryptic  Digestion  of  Albumenoids, 
xxi  845. 

Tubercle,  xxi..255k 

Bacilli  in   Organs*  of  Snake, 

xxiii  648  ;  in  Testis  and  Prostate  of 
Phthisical,  xxi  251'(note);Jiratnreof 
Giant  Cells  in,  xxiv..51f. 

Tubercles,  Dermal,  on  head  of  Megap' 
tera,  xxii  119. 

Tuberculosis  in  Birds,  xxiii..  645;  in 
Snakes,  xxiii  642;  in  Vertebrates 
(Sibley),  xxiii.  642-.649. 

Tuberculum  Impar,  xxv.  155  ;  01faa«- 
toriam,  xxx.  186, 
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Tubinares,  zxir.  643. 

Tabuli  Seminiferi,  Deyelopment  of, 
zxu.  62. 

TuckermaD,,  F.  The  Tongae  and 
Gastatory  Organs  Qf  Fiber  zihethicus^ 
xxii.  13&-141 ;  Anatomy  of  the 
Papilla  Foliata  of  the  Human  In- 
fant, zziL  .499-501 ;  The  Gastatory 
Organs    of   VtUpea  vulgaris,  xxiii. 

.  201 ;  Development  of  Taste  Organs 
of  Man,  zziii.  559-582 ;  Gustatory 
Organs  of  Belideus  artel,  zziv.  85  ; 
Farther  Obseryations  of  Taste  Organs 
of  Man,  zxiv.  180  ;  Taste  Organs  of 
Mammalia,  xxt.  505. 

Tumbler,  Calvaria  of  (Reid),  xxiy.  p« 
It. 

Tumour,  Congenital,  of  Mouth,  xzviii. 
374  ;  Parasitic  of  Child,  xxyiii.  873; 
teratomatous  within  Perioardium, 
ZX7.  441 ;  Yasonlar,  in  Child,  xxt. 
441 ;  Weighing  Three  Pounds  in 
Seven  Month  Foetas  (Oliver),  xxi. 
571 ;  in  Atiod&nta  cygncea  (Col- 
linge),  XXV.  154 ;  in  Fresh-water 
Mussel  (WiUiams),  xxiv.  807  ;  from 
Sphenoidof  a  Calf,  Results  (Windle), 
xxii.  423-434. 

Tumours,  xxi.  :254  ;  Connected  with 
Teeth  (Windle  &  Humphreys), 
zxx«  665;  at  Neck  of  Bladder  and 
Prostate,  xxiv.  244 ;  Relation  of 
Macrodaetyly  and  other  Forms  of 
Congenital  Overgrowth  to  (Hum- 
phry), xxvi.   557. 

Tunica  Adiposa   or    Cellulosa,  xxiv. 
255  ;  Albuginea,  Sub-serous  Cysts  of, 
•  xxviii.  122  ;  Propria,  Thickening  of, 
in  Retained  Testicle,  xxviii.  216. 

Tupaia  helangeri,  xxv.  114  (note). 

TurbeUaria,  xxv.  175. 

Turner,  Sir  Wm.  Note  of  another 
Case  of  Secondary  Astragalus,  xxi. 
834 ;  on  Variability  in  Human 
Structure  as  Displayed  in  Different 
Races  of  Men,  with  Especial  Refer- 
ence to  the  Skeleton,  xad.  478 ; 
Pineal  Body  (Epiphysis  Cerebri)  in 
the  Brains  of  the  Walrus  and  Seals, 
xxii.  800 ;  Comparison  of  the  Con- 

.  volutions  of  the  Seals  and  Walrus 

.    with  those  of  the  Camivora  and.  of 


Apes  and  Man,  xxii  654 ;  Addi« 
tional  Observations  on  the  Stomach 
in  the  Ziphioid  and  Delphinoid 
Whales,  xxiii.  466;  Plaoentation 
of  Halieore  dugong,  xxiii.  640 ; 
Cell  Theory,  Past  and  Present^  zzlv. 
253 ;  Human  Neck  with  Odontoid 
Process  Distinct  from  Body  of  Axis 
Vertebra,  xxiv.  358 ;  ConvolntioDa 
of  Brain.:  a  Study  in  ComparativB 
Anatomy,  xxr.  105 ;  Human  Cere- 
brum with  Remurkably  Modified 
Fronto  •  parietal  Lobe,  xxv.  327, 
p.  viii ;  Relations  of  Dentary  Ar- 
cades in  Crania  of  Australian 
Aborigines,  xxv.  461,  p.  zrii ; 
Double  Right  Parietal  Bono  in  an 
Australian  Skull,  xxv.  478;  Rela- 
tionship of  Alveolar  Form  of  Cleft 
Palate  to  Incisor  Teeth,  xxv.  p. 
viii ;  Pair  of  Supernumerary  Teeth 
in  Molar  Region,  xxvi.  60 ;  YisoeTa 
of  Risso's  Dolphin,  xxvL  258  ;  Cere- 
bral Hemispheres  of  OmithcrhyiukMs 
parctdoxibs,  xxvi.  357,  p.  vii  ; 
Phrenic  Nerve  Receiving  Root  of 
Origin  from  Deseendens  Hypo^ossi, 
xxvii.  427 ;  Antlers  of  Roe>deer, 
xxvu.  p.  ii ;  Tattooed  Skin,  xxvii. 
p.  11  ;  Transposition  of  Viscera, 
XXVII.  p.  ii  ;  Foetas  of  JfcUicore  du^ 
gong  and  of  Manatus  senegalensis, 
xxviii.  815  ;  on  M.  Dubois'  Descrip- 
tion of  Remains  Recently  Found  in 
Java  named  by  him  Pithecanthropus 
erectu8,m.t}i  Remarks  onTranaitlonal 
Forms  between  Apes  and  Man,  xxix. 
424-445  ;  Brain  of  OrnithorhynMhus 
parachxus,  xxz.  280-282 ;  Heart 
with  Moderator  Band  in  Left  Ven- 
tricle, XXVII.  p.  xix  ;  XXX.  568,  569. 
Turner,  Dr  W.  A.  On  the  Innerva- 
tion of  the  Muscles  of  the  Soft  Pal- 
ate, xxiiL  523  ;  Pathology  of  Retro- 
bulbar Neuritis,  xxiv.  504  ;  Transla- 
tion of  KoUiker's  Minute  Anatomy 
of  Spinal  Cord  and  Cerebellnro,  xxv. 
443  ;  Anatomical  Fiacts  brought  out 
by  Golgi's  Method,  xxv.  580 ;  Min- 
ute Anatomy  of  Central  Nervoos 
System  according  to  Golgi'a  Method, 
xxvL  271 ;  Exparimenta  Ulustnitire 
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of  Symptomatology  and  Degenera* 
tions  following  Lesions  of  Cerebel- 
lum and  its  Peduncles,  and  Related 
Structures  in  Monkeys  (Notice), 
zxviii.  882 ;  Central  Oonnecticns 
and  Relations  of  Trigeminal,  Vago- 
glossopharyngeal, Vago  -  accessory 
and  Hypoglossal  Nerves,  zziz.  1. 

Tumieidoe,  zxiz.  24. 

Turnstones,  Osteology  of,  xxv.  523. 

Turtle,  Bladder  and  Urethra  of,  xxix. 
268 ;  Rhythm  and  Innervation  of 
Heart  of  (Mills),  xxi.  1. 

Sea,  Cardiac  Beat  in,  xxiL  8  et 

seq. 

Tweedy,  Dr  H.  C.  Single  Unilateral 
Kidney,  xxviii«  840. 

Twins,  Identical  Malformation  in 
(Windle),  xxvi.  296. 

Twisting  of  Umbilical  Cord,  Cause  of 
(Allen),  xxvi.  300. 

Tympanum  of  Megaptera,  xxiiL  860. 

Tyrie,  C.  C.  B.  Axial  Rototion  of  Ab- 
dominal Aorta,  with  Associated  Ab- 
normalities of  its  Branches,  xxviii. 
281 ;  Muscnlus  Saphenus,  xxviii. 
288 ;  Congenital  Absence  of  Whole 
or  Part  of  a  Bone,  xxviii  411. 

UxBES  das)Vfirhalten  der  Neuroblasten 
des  Oocipitallappens  bei  Anophthal- 
mie  und  Bulbusatrophie  und  seine 
Beziehungen  zum  Sehact  (Leonowa) 
(Notice),  xxviii  880. 

die  Blutgefasse  des  Menschli- 

chen  Rtlckenmarkes  (ELadyi)  (Notice), 
xxiv.  611. 

die  Feinere  Struktur  des  Am- 


monshornes  (Ci^al),  xxviiL  269. 

Umbilical  Cord,  Absence  of,  xxix. 
568  ;  Cause  of  Twisting  of.  Illus- 
trated by  Mechanical  Models  (Allen), 
xxvi.  800  ;  Origin  of,  xxvii.  874  ; 
Tumours  of,  xxv.  440. 

Fissure  of  MegapUra,  xxiL  116. 

Umbrma,  Sound  Production  in,  xxix. 
189,  205,  222. 

Unau,  Aorta  of,  xxx.  501. 

Uncus  or  Unciform  Convolution,  xxy. 
109. 

Undescended  Testicle,  Views  regard- 
ing State  of,  xxvii  495 ;  in  Dogs, 


xxvii  498;  in  Monkey  (Sibley),  xxii. 
p.  xxiv  ;  in  Rabbit  (Woodward), 
XXIV.  p.  xxi. 

Undescribed  Groove  on  Sphenoid  (Lu- 
cas), XXIX.  p.  ii. 
UgukUa,  Brain  of,  xxii.  554 ;  xxv. 
107  et  seq, ;  Heart  of,  xxiii  253  ; 
Intra-narial,  Larynges  in,  xxiii  266  ; 
Muscles  of,  xxiv.  75 ;  Olfactory 
Apparatus  of,  xxv.  106 ;  Organ  of 
Jacobson  in,  xxx.  78. 

Uhia,  xxix.  404. 

Uniformity  in  Delimitation  of  Regions 
of  Abdomen,  Plea  for  (Anderson), 
xxvi  548. 

Unnamed  Supernumerary  Nasal  Car- 
tilages (Downie),  xxvii  181. 

Unstriped  Muscle.    See  Muscle. 

Unsymmetrical  Distribution  of  Cranial 
Nerves  of  Fishes  (Ck>Ilinge),  xxix.  352. 

Untersuchungen  iiber  die  Grosshirn 
furchen  der  Primaten  (Ettkenthal 
&  Ziehen)  (Notice),  xxx.  813 ;  iiber 
die  Vergleichende  Anatomic  des 
Gehims  (Edinger)  (Notice),  xxvii. 
290. 

Ununited  Epiphyses  (Windle),  xxiv. 
p.  viii. 

Unusual  Mode  and  Site  of  Termination 
of  Right  Sacral  Sympathetic  Cord, 
xxix.  329. 

Uracho  -  vesical  Layer  of  External 
Muscle  of  Bladder,  xxv.  588. 

Urachus  of  Grey  Seal,  xxx.  498. 

Urea,  Absorption  of,  from  Bladder, 
xxi  818 ;  Excreted  by  Patient  on 
Known  Diet,  xxv.  426 ;  Relation  of 
Bile  Salts  to  Secretion  of  (Edington), 
xxx.  215. 

UredinecBf  Heteromorphy  in,  xxi  249. 

Ureter,  Double,  xxvii.  p.  vi;  Left, 
Absent,  xxiii.  650 ;  Stimulation  of, 
xxiv.  195  ;  and  Kidney,  Absence  of, 
xxviii  840,  405. 

Ureters  Absent  in  Symelian  Monster, 
xxv.  203  ;  Action  of,  as  Observed 
during  an  Operation  for  Removal  of 
an  Abdominal  Tumour  (Greig  Smith), 
xxti  496 ;  in  Cases  of  Single  Kidney, 
xxviii  199 ;  Supernumerary,  xxvi 
'  487 ;  Variation  of,  xxviii  207  ;  of 
HycBnaf  xxiii.  100.      . 
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Urethra,  Absence  of,  xxix.  465  ;  Ana- 
tomy of,  zxv.  648  ;  Dact  Orifices  in, 
xziii.  875  ;  Female,  Glands  of,  xxiiL 
380 (note);  Mucous  Membrane  and 
Muscles,  Nerves  of,  xxix.  62 ;  Post- 
prostatic  part  of,  xxv.  541 ;  Resist- 
ance of,  to  Outflow  of  Urine  from 
Bladder,  xxix.  260 ;  of  J7ycena, 
xxiii.  100 ;  and  Bladder,  Nerves  of 
(Griffiths),  xxix.  61,  254. 

Urethral  Bulb,   Function  of  (Allen), 
xxvii.  285. 

Uria,  xxui.  6,   166,   186,   400 ;  xxiv. 
110;  xxv.  612. 

Urinary-bladder,  Absorption  from  the 
Mucous  Membrane  of  (Ashdown), 
xxL  299-324  ;  Mechanism  of,  xxvi. 
366  ;  of  Grey  Seal,  xxx.  493  ;  Blad- 
der and  Urethra  (Griffiths),  xxv. 
535 ;  and  Urethra,  Nerves  of  (Grif- 
fiths), xxix.  61 ;  Physiology  of 
(Griffiths),  xxix.  254  ;  Calculi,  their 
Formation  and  Structare  (Hum- 
phry), xxx.  896  ;  Meatus,  xxv.  545  ; 
Organs,  Human,  Earliest  Relations 
of,  xxii  468 ;  of  Anencephalous 
Foetus,  xxx.  260  ;  of  Syama,  xxiii. 
100  ;  in  Sirenomele,  xxx.  511  ;  of 
Rabbit,  Earliest  Relations  of,  xxii. 
466 ;  Papilla  of  Glupeoid  Fishes, 
xxvi.  29  ;  Receptacle  of  Gnathosto- 
matous  Fishes,  xxiv.  408  (note). 

DriTiatorf  xxiii.  4  ;  Osteology  of,  xxiv. 
169  ;  xxv.  526. 

VrinatoridiE,  xxiii  4 ;  xxiv.  113,  169 
et  seq. ;  xxv.  75. 

UriTuUoraidea,  xxvi.  200 ;  and  Podici- 
poidea,  Osteological  Characters  of, 
xxvi.  201. 

Urine,  Effect  of  Nitrites  on,  xxii.  854  ; 
Effect  of  Nitroglycerine  on,  xxii.  369; 
Natural  Retention  of,  xxix.  266 ; 
New  Acid  Found  in  (Kirk),  xxiii.  69. 

Urinogenital  Organs  of  Elasmobranehif 
xxiv.  407;  Papilla  of  Clupeoid  Fishes, 
xxvi  29 ;  and  Blood-vascular  Sys- 
tems of  Rabbit  with  Single  Kidney 
(Harrison),  xxviii  401. 

Urocyst  of  TeUosUi,  xxiv.  408  (note). 

Urodela,  Brain  of,  xxviii.  882 ;  Genital 
Organs  in,  xxi.  189 ;  Pelvic  Girdle 
of,  xxi  866. 


Urogenital  Canal  of  Hyena,  xxiii  102; 
Sinus,  xxiii  880. 

Uroleuoic  Add,  xxiii  78. 

Uromeles,  xxx.  170. 

Uromelic  Monsters,  xxv.  202. 

Uroxanthic  Acid,  xxiii.  77. 

Urrhodinic  Acid,  xxiii.  69. 

UrsidcBy  Limb  Myology  of  (Windle), 
xxiii.  81  ;  Muscles  in,  xxiv.  80. 

Ursine  Phalanger,  Brain  of,  xxvii.  69. 

Ursus,  Brain  of,  xxii  658  ;  xxv.  181 ; 
Muscles  of,  xxiii  82  et  seq. ;  ameri- 
canvAy  Muscles  of,  xxiv.  77 ;  ofdot, 
Gluteus  QuartQs  in,  xxii.  552; 
Brain  of,  xxii  576  et  seq, ;  Atmo- 
layensis.  Larynx  of,  xxiii.  259; 
IdifiaivSj  Glutens  Quartns  in,  xxii. 
652  ;  Gluteus  Quartus  in,  xxii  552. 

Uterine  Glands  of  Dugong,  xxiii  641. 

Uterus,  Absence  of  Side  of,  xxvii  422; 
Atony  of,  xxvi.  867  ;  Daplex,  xxx. 
461 ;  and  Vagina  Dnplex,  xxv.  24 ; 
xxvi  436  ;  Gravid,  of  Dugong,  xxiii 
640  ;  of  Hyeena,  xxiii  101 ;  Inftn- 
tile,  xxv.  311 ;  of  Lemurs,  xxvii. 
875 ;  of  Macaeus  rhesus.  Cast  of, 
xxvii.  863 ;  Malformed  (Reid),  xxi. 
382 ;  Masculinus,  xxx.  461 ;  of 
Rabbit,  Left  Side  only  Present, 
xxiii.  650 ;  Unicornis  Sinister,  xxri 
436. 

Utriculus,  xxvi.  38  ;  Masculinns,  xxiii. 
879  ei  seq. 

Uvula  of  Hyaena^  xxiii  91. 

Yacoination  and  Subsequent  Ampu- 
tation of  Supernumerary  Fingera, 
xxi.  605. 

Vagi,  Stimulation  of,  xxi.  7. 

Vagina,  xxiii  111 ;  Dnplex,  xxvii. 
417  ;  and  Uteros  Duplex  (Hepbnn), 
xxv.  24  ;  Nerve-supply  of,  xxix.  82 ; 
of  JSTyeEna,  xxiii  102. 

Vagino-vesical  Set  of  External  Mnacn- 
lar  Layer  of  Bladder,  xxv.  538. 

Vago-glossopharyngeal  Nudens  Pos- 
terior, xxix.  7. 

VaUeculay  xxv.  118. 

Value  of  Nerve-supply  in  Determina- 
tion of  Muscular  Homologies  and 
Anomalies  (Cunningham),  xxv.  81. 
1  Valve,  Abnormal  Aortic,  zzT.  p.  xvi ; 
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Abnormal  Pulmonary,  xxv.  ^p.  zv, 
xvii. 

YaWes,  Aaricnlo-Tentricnlar,  Modified 
Mnscnlar  Tisane,  zxiii.  260  ;  of  Pre- 
pnoe,  xzix.  467  ;  of  Pulmonary  Ar- 
tery and  Aorta  Cusps  of  (Windle), 
xxiz.  p.  It. 

Vampyrops,  Muscles  of,  xxiv.  78. 

Yao,  an  Arrow  Poison,  xxvii»  407. 

Varanidcdj  Organ  of  Jacobson  in,  xxx. 

Varantu,  Nerve-supply  in,  xxv.  37 ; 
giganUtUf  Pineal  Eye  of,  xxii.  504  ; 

MlvatOTf  XXIY.  p.  XT. 

Variability  in  Level  of  Attachment  of 
Lower  Limb  to  Vertebral  Axis  in 
Man  (Birmingham),  xxv.  526. 

Variations  of  Atlas  (MacaUster),  xxvii. 
526  ;  in  Arrangement  of  Long-flexor 
Tendons  in  Sole  of  Foot  (Struthers), 
XXVII.  p.  iv ;  in  Colour  of  Megap- 
tera,  xxii.  128  (note) ;  in  Crania  of 
Oorilla  savagei  (Duckworth),  xxix. 
885  ;  of  External  Pterygoid  Muscle 
(Poland),  xxiv.  567  ^  in  Foramen 
Ovale  in  Heart  of  Sheep  (Rowland), 
xxviii.  309;  in  the  Hippocampus 
Migor  and  Eminentia  Collateralis 
(Howden),  xxii.  283 ;  in  Human 
Thyroid  Gland  (Marshall),  xxix.  234; 
in  Kidney  of  Common  Thomback 
(Howes),  xxiv.  407-422,  p.  xiv  ;  in 
Tjcngth  of  Palate  Process  of  Maxilla 
(Eichholz),  xxvi.  538,  p.  xxiv ;  in 
Manubrium  Stern!  of  Higher  Pri- 
mates (Keith),  xxx.  275 ;  in  Kerre- 
supply  of  First  Lumbrioal  Muscle  in 
Hand  (WUson),  xxiv.  22 ;  Nervous 
and  Muscular  (Windle),  xxi.  836  ;  in 
Position  and  Development  of  Kid- 
neys (Brown),  xxviii.  194  ;  Rhyth- 
mical, in  Tonicity  of  Wall  of  Blad- 
der, xxix.  254 ;  of  Sigmoid  Flexure 
of  Colon  (MeUome),  xxvii.  p.  xxx. 

Varicocele  and  Division  of  Spermatic 
Artery,  xxx.  102. 

Variety  Umane  della  Melanesia  (Sergi) 
(Notice),  xzix.  141. 

Varieties  of  Atlas  (Smith  and  Mac- 
aUster), XXVII.  p.  xxxviii;  of 
Branches  of  Abdominal  Aorta 
(Struthers),  xxvii.   p.  iv;  of  Pos- 


terior Craoial  Ligament  of  Knee- 
joint  (Higgens),  XXIX.  pp.  v-x;  of 
Second  Cervical  Vertebra,  xxviii. 
262. 

Varnishing  the  Egg,  xxvii.  448. 

Vas  Deferens,  Relation  of,  to  Proces- 
sus VaginaliB,  xxii.  588  ;  Rudimen- 
tary, with  Undescended  Testicle  and 
Misplaced  Kidney  (Howden),  xxi. 
551. 

Vasa  Aberrantia,  xxii.  72 ;  xxvii.  393  ; 
Deferentia,  xxv.  544 ;  Efferentia, 
xxii.  72  ;  Cysts  of,  xxviii.  116. 

Vascular  Anomalies  (Shepherd),  xxiv. 
69  ;  Abnormalities  with  Transposi- 
tion of  Viscera  and  Congenital  Mal- 
formation of  Heart  (Griffith),  xxvL 
117  ;  Supply,  Abnormal,  of  Liver 
(Rolleston),  xxiv.  132;  System  of 
Anencephalous  Fostus,  xxx.  253  ;  of 
Double  Chick,  xxv.  317 ;  of  ffyama, 
xxiii.  100. 

Vascularity,  Deficient,  Causing  Mal- 
formations, xxvii.  450. 

Veins,  Abnormal  Arrangement  of, 
about  Popliteal  Space  (Davidson), 
xxv.  154 ;  Abnormal  Distribution  of, 
in  Neck  (Mears),  xxii.  304. 

Common  Iliac,  Ti-ansposition  of, 

XXVII.  p.  vi  ;  Innominate,  xxiii. 
649  ;  Abnormal  Left  (Hart-Smith), 
XXIX.  Yk  xxiv;  Intercostal,  Superior, 
Transposed,  xxiii.  650;  Internal 
Jugular,  Peculiarity  in  (Williams), 
xxi.  383 ;  Pulmonary,  Right,  Empty- 
ing into  Vena  Azygos  Major,  xxiv. 
69 ;  Pulmonary,  Right,  Opening 
into  Kght  Auricle,,  xxi.  438-443 ; 
Renal,  Multiple,  xxiv.  71 ;  Sper- 
matic Veins,  Ligation  of,  xxx.  95  ; 
Suprascapular,  Peculiar  Arrange- 
ment of  (Smith),  xxix.  99. 

Velocity  of  Pulse- wave,  xxiv.  434. 

Vena  Azygos,  xxiii.  649 ;  Left-sided 
(Howden),  xxi.  72. 

Vena  Cava,  Transposition  of,  xxvii. 
p.  vi;  Inferior,  xxiii.  650;  Abnor- 
malities of,  xxviii.  376;  Divided 
in  BylobcUes  (Keith),  xxx.  p.  ii ; 
Double,  xxiv.  71;  Left  (Waring), 
xxviii.  46  ;  Left,  without  Transposi- 
tion of  Viscera  (Grimsdale),  xxviiL 
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•p.  y ;  Left  Persistent,  xzvii.  143 ; 
Superior,  Doable  (Howden),  xzL  72; 
(Hepburn),  xrL  488;  Left,  with- 
out Transposition  of  Viscera  (Boyd), 
xxYiL  pp.  zx,  xxxix;  Left  Persistent, 
xxiii.  649  ;  Right  Obliterated,  Left 
Persistent,  xxiii.  649  ;  and  Inferior, 
Deubling  of,  xxix.  466. 

Vena  Portse,  Order  of  Three  Great 
Trunks  Forming,  xxv.  89,  99  ;  and 
Vena  Cava,  Communications  be- 
tween, in  Horse  (Struthers),  zxvii. 
p.  vi 

Veneno,  xxviii.  96. 

Ventral  Ganglionic  Chain  of  Arthro- 
pods, xxii.  889. 

Ventricle,  Fourth,  xxv.  218 ;  Left, 
Effect  of  Filling  of,  from  Two 
Sources,  xxiii.  58;  Moderator  Bands 
in  (Turner),  xxYii.  p.  xix ;  Right, 
Co-existent  Dilatation  of,  xxiiL  57. 

Ventricles  in  Mammalian  Heart,  Con- 
struction of,  xxiii.  250  ;  Lateral,  of 
Brain,  xxviii.  233,  284. 

Ventricular  Septum,  Patent,  xxvii. 
469. 

Veratrine  Sulphate,  Action  of,  on 
Non-striped  Muscle,  xxiv.  207. 

Vergiinglichen  Furchen  of  Mibalkovics, 
xxiv.  312. 

Vermes,  Organs  of,  xxv.  175. 

Vermiform  Appendix,  xxvii.  561  ; 
Pathology  of,  xxviii.  884  ;  Position 
of  (Lookwood  k  Rolleston),  xxv.  p. 
xviii ;  Position  of,  and  Retro-peri- 
toneal Hernia  (Lockwood  k  Rol- 
leston), xxvL  142  ;  Unusually  Large 
Terminal,  with  Recurved  Small 
Conical  Caecum,  Accompanied  by 
Remarks  on  Peritoneal  Pouohes 
(Fawcett),  xxix.  498. 

Vermis  Cerebelli,  Destruction  of,  xxix. 
14. 

Vertebra,  Deficiency  of  Left  Half  of 
(Reid),  xxi.  76. 

Vertebral  Column,  Disposition  o^  in 
Hanging  and  Swinging  Postures 
(Cagney),  xxiv.  585  ;  in  Acromegaly, 
xxiv.  485  ;  Proportion  of  Bone  and 
Cartilage  in  (Cunningham),  xxiv. 
117 ;  of  a  Young  Gorilla,  xxiv.  42 ; 
Ligaments  of  Qwadrwnana,  xxviii. 


167  ;  Skeleton  of  Fire  Toad(How»), 

XXIV.  p.    XVL 

Vertebrata,  Liver  of,  xxv.  167,  177 ; 
Morphology  of  Limb  Arteries  in 
<Eichholz),  xxvii.  877  ;  Tnbercolosis 
in  (Sibley),  xxiiL  642;  Warm- 
blooded, Theory  of  Evolutton  of 
(White),  xxv.  374. 

Verumontanum,  xxiiL  ZSOetmq.;  xxir. 

^7. 

Vesical    Branches   of   Pelvic    Plexus, 
xxix.  77. 

Vesicula  SeminaUs,  Absent  in  Her- 
maphrodite Frog,  xxiv.  218. 

Vesiculae  Seminales  in  Eunuchoid  Per- 
sons, xxviii.  223. 

Vesicular  Malformation  of  Embryos, 
xxvii.  487. 

VespertUiOy  xxiii.  590;  stUnUatuSy 
xxiii.  205 ;  Gustatory  Oi^ns  of, 
xxiii.  205, 

Vessels,  Great,  and  Heart,  Extreme 
Anomaly  of  (Birmingham),  xxviL 
189-150;  in  Case  of  Single  Kidney, 
xxviu.  200. 

Vestigial  Muscles  (Sutton),  zxii.  p. 
xvii^  Structures  of  the  Reproduc- 
tive Apparatus  in  the  Male  of  the 
Oreen  Lizard  (Howes),  185. 

Vibrations  of  Luynx,  xxviu  481. 

Vibrio  Metschnikotr,  Experiments  with, 
XX vi.  411. 

Vicary,  T.  The  Anatomic  of  the  Bodie 
of  Man  (Notice),  xxiii.  164. 

Villi,  Allantoic,  xxvL  812;  Meso- 
blastic,  xxvi.  812 ;  of  Intestine  of 
Hedgehog,  xxvii.  102. 

Vincent,  S.  Structure  of  Red  Olands 
in  Swim-bladder  of  Certain  Fishes, 
xzx.  545. 

Vincular  Ligaments,  xxviii.  156. 

Viper,  Temperature  of,  xxv.  877, 

Virchow,  R.  Crania  Ethnica  Ameri- 
cana (Notice),  xxvii.  565. 

Virginian  Opossum,  Brain  of,  xxvii«  69. 

Virilism,  xxx.  452. 

Viscera  of  Anenoephalous  Footus,  xxx. 
249 ;  of  HatiehoBrvs  grypua  (Hep- 
bum),  xxx.  488  ;  of  ffycsna,  xxiii 
91;  of  Risso's  Dolphin  (Tomer), 
xxvi.  258;  Topography  of,  xxviu 
265 ;  Transposition  ef,  xxv«  441,  p. 


\ 


INDKX  TO  VOLS.  XXI.-XXX. 


123 


xviii ;  xzvii.  417,  p.  ii ;  Transpoei- 
tion  of,  with  Congenital  Malforma- 
tion of  Heart  (Griffith),  xxvi.  117. 

'*  Yisceral-bogenhohle/'  xxliL  438. 

Vitellin,  Coagulation  of,  by  Heat 
(Haycraft  k  Daggan),  292 ;  Action 
of  Sodium  Chloride  on,  xxif.  298  ; 
Action  of  Magnesium  Sulphate  on, 
xxiy.  30a 

Vitelline  Duct,  Patent,  and  Ectopia 
YeaicsB  (Sequira),  xxx.  862. 

Vitreous,  Membrane  in  Front  of 
(Stuart),  zzYi.  p.  iL 

Viverra  civeUa,  Anatomy  of,  xxiii.  90 
et  seq^f  187  et8^[, 

Viverricula^  Muscles  of,  xxiv.  77. 

Vocal  Cords,  xxiii.  256;  False,  of 
Man,  xxiii.  259 ;  of  Hyoena^  xxliL 
98 ;  Nature  of  (Sutton),  zxiii.  p. 
ix ;  True,  xxiiL  262. 

Voluntary  Muscular  Movements,  An- 
alysis of  (Jack),  xxix.  473. 

Vordere  Occipitalfurche,  xxiy.  336. 

VorUbeigehenden  Binnen  of  Schwalbe, 
xxi7.  312. 

Vulpes,  Temperatiure  of,  xxv.  885. 

Vulpine  Phalanger,  Brain  of,  xxvii.  69. 

Vulva,  Anatomy  of  (Oullingworth), 
xxTiL  843  ;  of  Hyceria,  xxiiL  102. 

Waldeysb,  W.  Beitrage  zur  Kentniss 
der  Lags  der  Weiblichen  Becken- 
organe,  nebst  Beschreibung  eines 
Frontalen  Gefiierschnittes  des  Uterus 
Gravidus  in  situ  (Notice),  xxvi. 
578;  Das  Gibbon  •  Him  (Notice), 
xxviii  380 ;  Sylvische  Furche  ond 
Reilsche  lasel  des  Genus  Eylobates 
(Notice),  xxviU.  380. 

Walking,  Muscular  Mechanism  of 
(Smith),  xxv.  566. 

Wallaby,  Brain  of,  xxvii.  75 ;  Dorso« 
Epitrochlear  Muscle  of,  xxii.  296  ; 
Hair-nerves  of,  xxvlL  229 ;  Lateral 
Cutaneous  Nerre  of,  xxii,  297 ; 
Musculature  of,  xxiii.  209  ei  mq,\ 
Myology  of,  xxi.  125  ;  Bock,  Organ 
of  Jacobson  in  (Symington^  xxvi. 
871. 

Wallace,  David.  Not^  on  the  Nerve- 
supply  of  the  Musculus  Stemalis, 
xxi.  153, 


Walrus,  Brain  of,  xxiv.  154  ;  xxv.  109 
et  seq. ;  Comparison  of  Convolutions 
of,  with  those  of  Cttmivora,  Apes, 
and  Man  (Turner),  xxii.  554 ;  Digi- 
tsl  Boaes  of,  xxviii.  59  ;  Pineal 
Body  in  (Turner),  xxii.  300. 

Waring  H.  J.  Left  Vena  Cava 
Inferior,  zxviiL  46  ;  Physiological 
Characters  of  Carcinomata,  Primary 
and  Secondary,  xxviii.  142. 

Warts,  xxvi.  564. 

Washing  Bear,  Hair-nerves  of,  xxvii. 
229. 

Water-birds,  Arctic  and  Sub-Arctic, 
Comparative  Osteology  of  (Shufeldt), 
xxiii.  1-39,  165;  xxiv.  89,  169, 
543  ;  xxv^  60,  509. 

Water-shrew,  Hair-nerves  of,  xxvii. 
228. 

Water-tortoise,  CJarpus  of,  xxv.  349. 

Water  Waves,  xxiv.  438. 

Wave,  Predicrotio,  xxiv.  454. 

Waves,  Betardation  of,  xxiv.  443 ; 
Secondary,  xxiv.  451 ;  of  Oscillation, 
xxiv.  451. 

Waxy  Disease,  xxv.  487. 

Weasel,  Brain  of,  xxii.  561. 

Weberian  Ossicles,  Function  of  (Sbren- 
sen),  xxix.  109,  399. 

Webster,  J.  C.  Improved  Method  of 
Preparing  Lai^  Sections  of  Tissues 
for  Microscope,  xxv.  278. 

Weddas  von  Ceylon  und  die  sie 
Umgebenden  Volkerschaften  (Sara- 
sin),  xxix.  140. 

Weeper  Capuchin,  Nerves  of  Hair  of, 
xxvii.  281. 

Weigert's  Heematoxylene,  Copper 
Stain,  xxu  444. 

Method  of  Staining  Tubercle 

Bacilli,  xxiii.  648. 

Weight  of  Brain,  Average,  xxviL  22  ; 
as  Compared  with  Weight  and 
Height  of  Body,  xxvii.  26  ;  as  Modi- 
fied by  Age,  xxvii  28  ;  as  Modified 
by  Disease ;  xxvii.  25. 

■  of  Brain    of  Geoige   Grote, 

F.B.S.,  as  Compared  with  the 
Brains  of  other  Eminent  Men,  xxvii. 
21,  27  ;  and  its  Parts,  Belations 
between,  and  Stature  and  Mass  of 
Body  in  Man  (Marshall),  xxvi.  445. 
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Weitere  Beitrage  znr  Graniologie  der 
Bewohner  yon  Sachalian-Aino,  Gil- 
jaken  and  Oroken  (Tarenetzky), 
(Notice),  xxviii.  885. 

Whale,  Brain  of,  xxiz.  287  ;  Hyoid  of, 
XXX.  521 ;  Sternum  of,  xxix.  598  ;, 
Greenland-right,  External  Aoricnlar 
Opening    and    External    AndiliTry 
Meatus  in  (Gray),  xxiii.  800  ;  Pelvio 
Apparatus  of,  xxvi.   267 ;    Hump- 
backed, Pelvic  Apparatus  of,,  xzvi. 
267;  PUot,   Heart  of,   xxiii.   258;. 
Lungs  of,  xxvi.  259  ;  Stomach  of,, 
xxiii.   489 ;  Sowerby's,  xxir.    192 ;. 
Food   of,  xxvi   262;   Stomach  of, 
xxiii.  466  ;  Sperm,  Food  of,   xxvi.. 
262  ;  Toothed,  Respiratoiy  Appara- 
tus   of,   xxiii.    266,    271 ;    White, 
Stomach  of,  xxiii.  487.. 

Whalebone  of  Megaptera,  xxiL  121. 

Whales,  Carpus  of  (Struthers),.  xxix. 
145 ;  Rudimentary.  Hind-limb  of 
(Struthers),  xxvii.  291  ;  Sizes  of, 
xxiL  112  (note)..;  Olfactory  Organs 
of,  XXV.  106 ;  Brain  of,  xxv.  108^e^ 
seq, 

Ziphioidsand  Belphinoid,  Stom- 
ach of  (Turner),  xxiii.  466  ;  (Wood^ 
head  k  Gray),  xziv.  188.. 

Whey,  xxix.  WO. 

White  Commissure,  xxviii.  233. 

Feathers,  Concealed,  of  Cotvus 

eryptoleucuSyXm,  820. 

White-necked  Raven,  xxil  820. 

White,  C.  P.  Accessory  Digastric, 
XXVI.  p.  V ;  Levator  Glandulse  Thy- 
roide»,  XXYI..  p.  v.. 

Dr  W.  H.    Theory  to  Explain 

Evolution  of  Warm-blooded  Verte- 
brates, XXV..  874>. 

Whitman,  C.  0..  Journal  of  Morpho' 
logy  (Notice),  xxii.  808. 

Whitwell,  J.  R.  The  Epiphysis  Cerebri 
in  Fetromyzon  fluviatilia,  xxii.  502. 

Wiedersheim,  Prof.  R.  Das  Gliedmas- 
senskelet  der  Wirbelthiere  mit  Be- 
sonderer  Bertlcksichtigung  des  Schul- 
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